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A nitride semiconductor device such as a light emitting device in which an active layer is formed between an n-type semiconductor 
region consisting of one or more nitride semiconductor layers and a p-typc semiconductor region consisting of one or more nitride 
semiconductor layers, characterized in that at least one of the nitride semiconductor layers of the p-type semiconductor region or the n-type 
semiconductor region is a super-lattice layer consisting of layer-built 1st layers and 2nd layers made of nitride semiconductors whose 
compositions are different from each other. By the above mentioned construction, the operating current and operating voltage of the device 
are lower and the efficiency of the device is improved. 



(57) m'i^ 



AL T>'l'/'^:=-T FI 7 V7 V K 

AM T/l-y^^r FR ^2^"^ 

AT yt-P^ hVT GA 

AU 't-T.V^^T GB 

BA ;J?>^.^T -^yi-^^aia t'-f GH 

BB /^/I'/^K:^ GM ^.>trT 

BE ^/U:^— GN ^ — T 

BF 7'yU?^.7Ty GW ^rJ'"^"^"^ 

BG y'/^iJVT GR =¥yv;-¥ 

BR ^'Ti^/i- ID r^^'t'^r^T- 

CP ^i^iT^y^^ s ^^^^^^h 

CG HI IT 

CH J P 

CM KG f^^^^ 

EE 3::3.h^T LR y-r^^^ 



LT y hT^r ^ 

MC ^"^^^ 

MD '^^)-y^r 

MG -^^ii^^-pf^ ^ 

MK K:^TIB:3- — =f:^ 

ML 

MN ^>"=^>'ir 

MR ^— y;5':=^T 

MW -^^t^-f 

MX p'^^v^s 

NE =->^3Q— /U 

NL :t=P>^ 

NO y— yw^>a:— ^ 

N2 ' 7 >- h 

PL 7K-7>K 

p T ^K/i- V 

RO /w— v-ri-r 

SD 

SE J^^'at— 7-V 

SG ->i^:tfJJ^— 
SI ^s.=-T 

SK y^d^T^T 

S L -vac. -7 ■ U:^— 



SN •t:*^;<f>'»- 

sz ;^7i?7:/K 

TO K 
TG 

TJ ^iy^X^:^ 

TM h/L'^^-^^^ 

TR hyu = 

TT s y K ' V^^' 

U A ^ ^ 7 

UG f?iS>¥ 

u s 

UZ ^'X^^rX^^' 

VN ^^-f a: 

YU ^-=3''--:^7 t^'-f T 

ZW i^^.'^T^i 



wo 98/310S5 



PCT/JP98/0002S 



m m m 

:^mMit. LED myt^'^yt- h") > LD iU-^^'^^-V) . h 

K (s LD) mo^%n=^^ -xmn. 

om?7=^^<'rx{C{£m$tL^g'fh2^^^(* ( I nxA l yG a,-x-yN. 0 

^x. o^Y. x+Y^i) ^m\^^fzm=?-izm-ir^o 

^-LED-r^ xyu-f . ^il{i^^T'«i£^fflil:$n/ci^*^«9T'*)So 

citL^©^a7^/<-rx{r{gffl$nsLED(i. i t\g a^^ii^u^^^m 

^^-5"^^ — S-?^Pfilss ( S Q vv : Singie-Quantum- neli) ^ ^ 0 s 
^fi»^#P^jt (MQW : Multi-Quantum-Well) ©S&l*^. riMM-fb 

LTl^^o Wfe. I n G a N#p)i© I n *ag£it^liM•r 

0 nm©L/-1f^S^-tti:^Tl5ai6T^SU/c Jpn. J. Appl. Phys. 

35(1996)174. Jpn. J. Appl. Phys. 35(1996)L217^} o tf^^li. 
I nG aNJ:^)/j:S#pS^fflt^/c^fi«?#F^si®y£tt^^W-r^:5'' 



1 



wo 98/31055 



PCT/JP98/00025 



^-To ^^iw. ffe^ir liacMU/c if ^^^Appl.Phys. Lett. 69(1996)147 

^ims. -r^-T^^-ito. Biiim^i 8 7mA. mmmmm 

S3kA/cm2, 4 1 0 nm^^^^^-To -ErtT. $ t>{l5fe^ ti^ST' 

7. 1996^12^ 2B-^ g^^iifg. Appl. Phys. Lett. 69(1996)3034> Appl.Phy 
S.Lett. 69(1996)4056 m). C CD U-if^?^li 2 0 ''C{C*Jl^T. BUfiH'^ 
mm3. 6 k A/cm2, iifiim£E5. 1. 5 mW{±J:tl^Ci>l^Xx 2 

M^h«K3^«{*J; lifeLED(iM:^ia]m^ (I f) 2 0mA 

T'x )IS:^|S]mJE (V f ) *^3. 4 V'- 3. 6 V«)*9. G a A 1 A sl^©^ 
^i*J:«3^j:'55!F'feLED{CJt-<T2 VJii±i^■^,^/ci6. $ t>nj:^V f 0<£T 

fZHiS^ :$:B^$ffl»{C*^l^T^ffl•rS-^I^ I nxG a i-xN. A 1 vG ai-Y 

iim—cDm^^x7j<^tixi-^x^^ -^tii^comoxm. Y{i*-«— iscuxi^ 



wo 98/31055 



PCT/JP98/00025 



So 



J 



wo 98/31055 PCT/JP98/00025 



A 1 ^#trM>fk:i^^*{*-e?e^$ns::<h*^$f^ L/< X AlvGai-vN (0 
<Y^1) T'?^^-rs d "a^JCidF^ Ll^o 

I nxG a,-xN (O^X^ 1) ti^^UKi. ^2<Dmt^A 1 yG a,-yN (0 
nxGai-xN ( 0 ^ X < 1 ). T'^$n^^^h^^*^2^*^ t>J^j: 0 . *^-^Iui5 

m2o®*-«53:A 1 vGai-vN (o<Y<i) xm-^in^m^m^mwt^i^ 



4 



wo 98/31055 



PCT/.JP98/00025 



/X^C c!:*^$ ^Cff^ UC^o 

-vN (o<Y^i) m(Dmit^^mwm-Jb<mFB^m:<m^LT ^ z ^t^-c^ 



wo 98/31055 



PCT/JP98/00025 



6 



f 41 

WO 98/31055 PCT/JP98/00025 

mx^fi^<^mmi3mfi^^ti)<ntn,^o nc*?. mnm^i^^-r^^^^ 
tit. m^tm^mmz v^--y^ti^mmnmim 4 Am. 4Bm. me Am. 
m6BWjzm-r^nm^¥i^. 'rv^ia. ism. 2Am. 2Bmizm-r 

m-t^nmi=i>:$' ^ hmt\^XJ^^-r^:L tib<X^. ZtHZX-^X. nm 

r^'&.m^m^. j^-ia^miziki^xiy—^f^m-t^m^m^mwmi-xh-^ 



7 



wo 98/31055 PCT;.JP98/00025 



8 



wo 98/31055 PCT/JP98/00025 



:^mm(omsy.itm5(Dmit<^^mwm=?'xi,t. nmm^=^mit^ 



9 



II 

wo 98/31055 PCT/JP98/00025 

<^ffiJ^©::^^C^m2cDM^b^^^«^*«T'^ii/^-ti:^ - i:*-'-^ 
mi©M^bi^^^<*Jl©nM^|5&i^Mjg*n X 1 O'Vcm^-l x 

1 o^VciD^ofgffic*)^. m2(om.it^^mwmconm':^^^mmm-i3K 



10 



wo 98/31055 PCT/JP98/00025 

<. 1 X 1 0' Vciii3ii(TT'*-5.::i:*<J;*9jtf^ Ut^o -rnc^b-e.. m2 0 
yY-^ (undope) Mx fip-e»^*ifeJg3^.^Iie^C K~ >^ U^j:i>tt^*^« 

n 1 X 1 0 • ^/cm^\^TX'$) 0 . fuiem 2 Og^fkiBg^S^* 

)iCDnM:^*i64^S]g*n x 1 0 ' Vcn)3~ i x l 0 "o/cm^CfSffl-C^S ^ 

U< li 1 X 1 O'Vcm^OT. L.< (iT> K-7° (und 

ope) X -tfit)-^^ :f Ss61^ ^ finite K-'T'L T^i: I Lt^o 

Ga,-yN (0<Y<1) luiSm 2 ©g^ki^^^^^M^itS^fi^ 



11 



wo 98/31055 



PCT/JP98/00025 



T. mmmiomifm^mwrn (AivGa,-vN) m^m2(Dmm 

mi©M^b«i^^*<*)l{:iA 1 xG ai-xN (0 <X< 1) X'M^l^. luie^ 

2©M'fi:«i^^^{*ii{iA 1 yG a 1-yN (o<y<i. x>y) xmm-T^ 

o-x^fs.t^zomit^^mwmx^^-^'^x. y<> ^-^^ yy^^jv^- 
m(o^'i^iis^m&'^f^4CDm^m^mwmoi^'^!^'mmzitniyXi^^ < u 



12 



wo 98/31055 



PCT/JP98/00025 



{*ji©^*i&^2iS^II4©S^k^^«i*«®^#ifii^M^{rJt^UT^# < 
^^5is64^2tJS*n X 1 0**/cid3~1 x l 0 ^ Vcm^coSgSC*) 0 ^ M4© 

F^-^- .y:/i^wU4^-*^/jN$i^m4©M>fl:i^^*<*jl{*l x i C 
/cm3OTT*>'5C<!:*^<t«9$f^U<. 1x1 0 ''^Xcm^i^TX'^^ ^ ti)< 



13 



wo 98/31055 PCT/JP98/00025 

cm^OTTS) 0 > ^ 4 comitm^mPF-mo p m'^f^mmm*< i x i o ' "/c 

m3~l X 1 0 ^i/cm^OigST'^a C ^ Ll^o 

ilieil3©M<t®^^<*Jl{*. 1 X 1 0 » Vcm^JiiT. $<^i::$?* 
b < li 1 X 1 0 ' Vcm^jeZT. « t>iFt L < liT > K-:?' (undope) . "T 

Gai-vN (0<Y< 1) T-?^^U. MIEm 4 ©g^k«^^*<*M^ I nxG 
ai-xN (0^X<1) X'JB^-r^di^W* bl^o mmm4(Dmit<^^ 

3 ©^-fb^gj^^i^M (A 1 vGai-vN) mmm 4 (Dmim^mWE (G 

mWMi-iA 1 xG a,-xN (0 <X< 1) X'^^ly. mtZm 4 (DMit^^m 
{*:SliA 1 yG a,-vN (0<Y<1. X>Y) T'JgfiJc bX t .kt^e 



14 



wo 98/31055 PCT/JP98/0(K)25 

cm^'-l X 1 0 ^"/cm3©fBfflT*)-t.Ts ^ 2 ©g-fb^^^^^*®® n^:^=:M 
p M^^fe^l^zii^^n X 1 0 ' Vcm^-l X 1 0 2Vciii3©fEiST'*>o-r> flj 

Jl^^-tm^^m4(Dm^t<^^^mwmJ:'o^\^^^'^pm^'^<^mmt^m■r;h 

cioii^. fUiemi o^^bi^¥^<*li©nM:^^i^'^^7bn X 1 0^'/ 
cmS—l X 1 0 2Vcn)3©fgHT*>rjT. ^ 2 ©S-fbii^^^i*:*® n m:^*!£ 

^m.m.t< 1 X 1 0 • ^/c^^^x^-Qib «9 *^o. 

{r**?. m4©M'(b2|53^*<*«®pm^»6i^2i^*n X 1 O'^/cm 



15 



wo 98/31055 PCT/JP98/00025 

0»Vcin?~l X 1 0''°/'cm3©iEffl-e^)^9*^•o. 1515^ 3 OM'fk^^^i* 
S©pM^*<&JfeiaS*n X 1 O'^/cm^—l X 1 O^Vcm^OfgHT'^-^T. 
BUsSm4©M'fb^^^{*S©pM:^»eifelMS*-«l X l O^Vcm^OT-C*) 

(i. |liie^4 0g>fl:J^^^{*SJ;t)::^#i^/<>' K4^-^ 7'ji^wU4^- ilu 

»0pM:T^^WBr*n X 1 c^Vcm^ja^^TT^o. mAom^tm^mw 



16 



wo 98/31055 PCT/JP98/00025 

mit<^^mwmitA i vGa,-vN (o<y<i) t-j^^l. mi^m2om. 

im^mwmitl nxG a i-xN (0^X<1) T'J^fiJc msdpmm 
^fe^acjol^T. ltjiSm3©^^b4^^«^®{iA 1 vG a,-yN (0<Y< 

1) T'BfiJcb. mmm4(Dm<t^^mwmiti nxGa,-xN (o^x<i) 

M^bi^^^i*SliA 1 xGa,-xN (0<X<1) T'SfifeL. iuHSm20^ 
^t^^mi^MitA 1 yG a i-yN (0 < Y< 1. X> Y) TJB^U. buIEp 
ffliMl^^jit^fct^T. IiJiE^3 0M^l:«^^«<*ji{iA 1 xG a,-xN (0< 
X<1) xmm.V. |tIiSm4 0M^ti^^*i*SliA 1 yG a ,-vN (0<Y 
<1. X>Y) T'?^fi£-raC <J:*^T'^5o 

^/c. msmAmdcomim^mi^m^xiu BtjiesteJi^^i nGaN 

^ y i bUIE n ^ ^ -y KM© "^Oii.^fl < «!: Bale n mm. 



17 



wo 98/31055 



PCT/JP98/00025 



Xcm^\>iTXh^Z.tt^XKfU-^ 1 X 1 0"/'cm3jeiTT'*>S::<i:*-< 



18 



wo 98/31055 PCT/JP98/00025 

o^a^*^^&<k <S5£T-#^®T\ mtifzi^'ik^m-r ^m^t^^m^m 
zommmm. :si,u^mmii.^ mit^^m^m=^i)mm 

lEnfiiJ^^-y Kli^?^fi£-r5*-<. © n #J 5 -y FStC J: ^T^ErlDf^^)*-^ 



19 



wo 98/31055 



PCT/JP98/00025 



h'mcom^i)^0. 8 /im&.±Xi>^. mitnm^^y K/id^tn^Al 
fuse n ^ <y FJi Off $ 1 . 2 // mii-l±T*> 0 > BUlE n 

milt. :$:mM\zm^mmmmi(Dmit<m^mi^m'^ cled^^) © 

1212 {i> :*:^BJ{;^^IIJS?B.^2©M'(l:«^^^^*^^ (U-if^*-r^~ 



20 



wo 98/31055 PCT/JP98/00025 

EITlix *^Bj{i^.^^J(g^?iJ2 8©U-if^V;r- KO^^i^^^^^^ 
^^*fe-r -5 J6 ® ® 

^^U^mmi(0±iz^ G a N«k <9^d:'5^<«y 7 T«2s Si K-^n 

<9^cj:-5rgi4Ji4. m^izm0.comu^mi(omtm2cDmt^mm-^tifz 



21 



wo 98/31055 



PCT/JP98/0002S 



K-rU/c I nxG ai-xN (O^X^ 1) ^^fl^mmS O^TVi^'X 
ho-AO^lcD»i. !nlb< pM^*44^«i: bTMg<£rmi ©HilHaT- 
F-T/b^cpMA 1 yG ai-vN (O^Y^l) J;«9^«i:'5im3 0^>i5^^ 

h ti-MsO^ 2 (DM t:^mm^tifzm^'^mx'mm^tifzm^m.tjim^m 

etS^FS^pM^Oti^^^-T'Sii^il. Mg. Zn. Cd. Be^CpM^f 

mi^^mt-r^o mmmtLxiu mi+m2+mi • • i^m 
2+^1+^2- • ' (Dmxii0:<^ ii>fA.< t^^ff2mm±mm-t^o 

2©jili. InxGai-xN (O^X^l) J; 0 5»S.iy^A 1 vG 

l^o ^?iJx.l^. miom^l nxGai-xN (O^X^l) ^2® 
Ji^AlyGa,-yN (0<Y^1) xm^T^t. ^ 2 (DMO^O V ^ ^ 
':f ^ ^ jv^ - i}^>2^-r m lom ^ ^ <fl^t\ mio^^l nxGai 
-xN (0 ^X^ 1) xm^L^ m2(om^ l nzA l i.zN (0 < 1) 
xm^tfllt-. ^1 ©®<!:B2©«tl^m5Jc*-<^nj:S*^/<> K^-f 
^^;l/4=-7&-^|l!— Oii^t>*0?i^o */c^l©«<l:A 1 yG ai-vN (0^ 



22 



wo 98/31055 PCT/JP98/0002S 

1) T-ii^ScU m2(Dm^ i nzA i ,-zN (0 < 1) Tm^-rn 

^Ui^o ^/Cs ^log. m2©ji©MIi:oTPgli'^t::lS^$tL-riIi^ 
;E>/c26C. miOfi. m2 0®CD)^J![|:i. 7 0 :t ^i^^'X h d - AJiiTCiS 



23 



wo 98/31055 



PCT/JP98/00025 



p^^^-y KM5li. ?£14®4 «hm^rt^A®T'*)Spi|ij3>^:J' hM6«h 

A 1 G aNS:D^I nA 1 N^CDA 1 ^^Vm<tm^^mW*K ^•i- VTmC 
iAtoSii: Urffll^^n-^c Ctl^Oii©-? -^A 1 G a N{^> ^ i: bT 

—yj=^{i>f£ < i: t A 1 ^#t:S^b1^¥^{*> 0^ b < (iA 1 yG a , -yN (0 
<Y^1) <hL. mi ©«<i:m20Sc!:<&5^i:i^^I5B^eiTOMi¥X'32]& 

I- 

coii^. mioMiuxA 1 ^^^fii^m^m^mwm^i o 

hD-Aj£iT©miPX5JtS$-ti-> -e©±cA 1 ^^trM^ki^^^^^ct 

y rmtvxi^i^miy. m2(om\zp'7 y^^K^\zi <x^. $t>{Ci? 
■7 -y ^^07y:l^^g^^4©ctl^m^^^li<&JB^x•#^o St-^X. 
X'lts InxGa,-xN (O^X^l) *^^>/j:^ml©® (^2 

©1) iAlyGa,-YN (O^Y^l. X^Y = 0) t>nj: 2 



24 



wo 98/31055 



PCT/JP98/00025 



{cpMo^M^ K-y-rsJi^, micDmtm2(DmtTmu?>mmT' 

^t^z.ti}^X'^^i)^ii>X^^o cOck-pt::. :$^B^T'(i> ^l©S<i:. m 

2(Dm(om-y5\zT^^m^^-fi^m^x^ti^'ti K-yuxt>^l^u. mi 

{izni'lS^^njyri^*^ pM^^sfei^T'il'^. 1 X 1 0 '^/cffiS —1 X 1 
0"/cm\ ^ t>{lff* U< (il X 1 O^'/cm^—l x 1 Q^'/c^\ ftt>0 
^ b< 1 X 1 0' Vciii3~2 X 1 0 ""/cm^ofEfflftll^lg-r^C i*^*^^ 
Ul^o 1 X 1 0* Vcm^J: <9 ^/^^/j:CAiV f . Sfffi«E^fiT^#'5^ 

W:i}mh:>n\z< 1 X 1 o"/cDi3j:«9 t^j/^<hjiB*&^;ioit^^*<M 



25 



wo 98/31055 



PCT/JP98/00025 



^+ V 7 ibm^B^^lz J: ■:,xnU.-^tL^ z tfl< ^m^V^ ^(DX-. jStS^ 
25 1 1 T'ti. pMi?5 y K® 5 ipMni^iJ'if hiie i*^^ 

ihtifzti^xi,. nmm^t^^mwizit^x^ m'^m.tfcm:b<2m]^±mi^^o 
^^tifzj>mm=^m.if!>xm&mz-t^z.ti)<x^^ v f <oi&.Tib<mmizm 

^^mw^i'^m-t^mmij^^'^rixi^^ c^mm2 540791 -^)o u 
pm(Dmit<^^^mwi)mihtifzt\.^'^xh'^(o-&ifimit^ • c 

tfz^ :^mmmmixit^ iijieoi:-?cff^L<(imio® cm 20^) 

^ I nxG a ,-xN (0 ^X^ 1) «h ^2©^ (mi <I-A 1 vG 

a,-YN (O^Y^l. X=?^Y=0) T^fiJt-T S C <!: ck *9 > ^^^©.i: 



26 



wo 98/31055 



PCT/JP98/00025 



(0%^$limt bTA 1 G aN. G aNs I n G a J; 0 ^^.C 

jta-t^^rnx'^^o :i(onmi-i.t^RmmtLx0'mm^i&^-r^(Dx\ ^ 
$tia/ci{)#^{rj5i^o ^{^t^x^mmcD^mm-Amitm^m^siTomm 

Xitm^o tf:i. V SP 5. 1 4 6. 4 6 5 -^t^li^ttS^ A 1 xG a , 
-xN/A 1 vG ai-YNJ;*}'^:^ ^ ^ l^— tf^^7&-<iem$ 
n■rl^^o COetli^>BuSt^<fcl5lit{iA 1 G a N/A lGaN^>5-«!: 

i^xr^m-^^t^fzibiz^ §m(Dmm=^m-< i.f£iitn^fi^^£i^o $t>icA 
mxim^=i-m^m^-t:Bmit<^^mwco^^mt^=^iz^:bt^m=^mm 

^ t>{is 4#r?^^5- 1 10 13 8-^. 10 13 

limM©A 1 N<tG aN<t^aJiUTA 1 yG a , -vNO^ra^'^f -S:^^*^ 

^fzibiz^ WL-^:^y^'7. ho-ACDMI¥OA 1 N. G aN^«/l-r^S^t 
T*oT:^^B^CDStt<tli^/j:^o L*^t5 I n G a N J: <9/j:SS4ia^W 



27 



wo 98/31055 



PCT/JP98/00025 



1511-^. 6-26825 m<2:mTltG aNt I nG aN. li 
I nGaNi I n G a N <!: U/c^S»?#p:^jgOg&ji^Wr ^ 

m<i^m (^a#i^^5, 0 0 5,05 7-^) izmm^tixi^^ibK m^^m 

Izmyf^^tlXl^^^mi^l^mit^ B PS<!:G a a 1 <!: ©i®*&^MT'* ^ 

I n G a N?g&sti^<> K^i- ^j^^wi/^-a^n^ < m^t^^^mwm=¥- 

OStt;i<i: UT(i*fcii bTl^-5o ^(Dfzi6 I rixG ai-xN<fc^ A 1 yG 

I nG aN{*MH^014K/&■^^&©A lGaN0J:9 7'j:Al ^^tr^-fb^fel^^ 
mzit^xm^hiJ^l^OX. I nGaN^SttJii-r^c!:. Sil Lfc^M^t 
4^3^^<*ii{Ci?^ -v ^*^A0 < <fi:ho mizA 1 G aNO^fc^nc^jb^^ 

^ *9 ^-r < ^ ^fS] s o 
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(iEdFL) *^aEA^napfiiJ=i>^^ h » 6 t>^Jx.l^ I nx 
G a x-xN.t ©Mi. A 1 yG a ,-yN«}: *9^i:^ll2©jii*^« 

»$n/cpM©)@tS^S<!:-r^-«htiT'^^o pM^J^^^J' hii6^M*& 

K4^> -y yi;f>;l/^-*vjN^l> I n xG a ,.xN ^ U < JiG a 

fe^*^t>T'*>So tJ^c. 2^^B^T'{i. p*mffliJ©¥*{*^I®2 5 HI. ± 
iiiOpffiiJ^^ -y KjiS.^J^p#J=j>i5'^ hM2i^<^)p^M^k^^^{*a^^ 
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T. Ji^TO^-p^iHEMT (Bigh-Electron-Mobility-Transistor) 

{ (undope) ; J2iT. ^^4^*^ F-T'^ tLT^/^/j:^^4^II^T > K-y<i: 

{80©)?$ (1 0 0^:/i?'x h n-A) Bii^©^®cm^ (-i:>;7Em?:^'x) 
{|ij©i^^f4:0^ 2 0 1 C n fflij 3 > iJ' i> h fiR n #J rJ' -7 -y F® JSZ^© n M 
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0 ^>^<> K^> •;/7'^4^y^^-:*<;*^^l^A 1 G a NT'^^^^tl-So A 1 G 
«aT#'i>®T\ *g^tt©Sl>^^.y F«*^^:ST'#So -^(DfiisbnmM 

m(D^^mwmwi.2 o i ^(*©M^bti¥^i2):©*SB^Btt;^?^^ < nmmm 
(D^^mw$im2o i±f^tLx(Di^mm^±^ <x^ ^<Dx\ ^omii^j- 

m^^^y h^mtLtzm'PXl-iV f t:&T^^^Ziii!)<X^^o 
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tcfcjt ^ i^-rtiom t Lxm^ t> < . p mmmo^mi^mm 251 
^m^mjtSLir ^ ir^x(Dm<t^^^mwmi)< p mmm^^m-r^ c t ^mM 
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m V F« 1 4 R z>' n mitii^ Ym \ zii^^fiho ) i p ^mdoo^^ 

'^^'s$, 2 5 2 -y -/ji 1 7 X p mitii^ KH 1 8 . p fflij^ ^ -y K» 1 

9S.LKp#J=' hM2 0*^<i7^i:So ) <h{i<toTiifei5$n/cM^l:%^ 

So 

^C-C> *^:5te?B^2©M^t2^^^{*^?{i. n^«{|ijCD^^«:^I^2 
0 2{i:te»:)-Sn#J^^ 1 4 7&^op^«<IO©^ 
^{*0^2 5 2C4o{:f <5 pilij^?^ .y K«l G^S-jS^S^ST-JB^-rsc iJC 

^ -J YM 1 4 S.i:>' n mtftiS^ YM 1 5 *-<«® ^ tiX^ n ^ma"J®^*(*^ 
^2 0 2*-«?efi£$n'&o -y ^E^iLJil 3©iS5{|iJCIf£tl$n/cnffliJ 

ni/'^ ^ Ym \ 2 0^®{w(i-?:ti-en. nfflija^^i:? h^i 2i^- i -y 

6±{c. .y:/;il 7. p^jT^T^'-r K«l 8. pffliJ^^-yKMl 

9S.a^p#j=i hM2 0*-5««$nTp^im<iijcDit^i»i2^^^2 5 2*-< 

JB^^n-So $'^>(C. Pffi0='>^^ h«2 0±C^p{l!|i3>^i> hS2 0 
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(g^l 0) 

;51?-:7 T-TT. Xt°TWl/ (MgAl 204) ® i ^ :Aj:iiife^ttt®SK 

©^fe. S i C (6H. 4H. 3 C^^tr) . ZnS. ZnO. GaASs 

i^<yy rMl 1) 

y<yyrmi Hi. M^ltA 1 N> G a N. A 1 GaN> I n G a 
^9 0 CCOTO-iaj^T-fifeS^ii-T. ho-A-'iS[•g;^- 
(^2 0^<-y7rSl 1 2) 

yrMl 1 tm<BfiJc^tl^o Z(Dm2<Dy< yy rMl 1 2 liil^JCgJc 
^•^'it^nm^i^^ ^ 1 2 t n M^^»fe2feiii^*-«fi>^Xl^e «h-r^*^. 

7yjil 1 2{i«?iJ;t{^ I nxA 1 YGa,.x-vN (O^X. O^Y. X + Y 

^1) xm^v^. ^(Dm.mt^izfjio hoxitf£i.^i}\ $f^u<iiT> 
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K--:/-rA 1 (YM) *^0. lJii-lT©A 1 vG ai-vN. U< (iT 

> F-:/OG a Ni:-r^o 'T-^lt'-^^ Z O J: o Umm^-t ^ :i t J: 0 . 
n2<Dy<-jy rMl 1 2 ©^Sa^-ti^^ < -Ct. $ '$.^0 2 cD/<.y "7 r® 1 

:7 r^l 1 2^J^g£T'^^o ^/c. c:©n#J=i hJil 2<iiS 
^att0^l^m2©^<-y:7r«l 1 2^^S$-li-^Ci:{C<tO. 

<I10. 5 ;/mja±. U< lil //mlii±. 2 0 // mi^TCIllI^ 

bl^o m20^<-y7TJll 1 2*-«0. 1 /zmj; <9 ^ilt^<i:> 
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2 0y<yyrmi 1 2T'^*^l£*-<0^-r < L/-ifm?©^^*^|nl±-r So 

jiGaN. s i c. znom(Dmm^mm^mm\^tzm^iz{r'Mmvx.^ 

jiT'*)0. f?iJx.(^. S i K--7'©G a N*^^^j: 0 0. 2;tzmJei±^ 4 ;um 

^^cE^^OfaHti 1 X 1 C/cm3~l x 1 0 ^'/cm^OfEli. ^ b 
<ii. 1 X 1 0' Vcm^—l X 1 0''/cni3(IliSt-S:i<i:*^Mt bl^o 1 

1 o^'/cm^xiQ ^:k^^^t^ m^^i^(ov -'i^mm.i}^0'<-^i^fzo. ^ 

ym\ 2{w*Jl^T{l. nm@2 3 tOi^- X V ^^w&.^^>\^-^ < 
^o^m^^. n ^ 7 'y 1 4 ct 0 < -TS c Ll^o ^Xfc. 
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ju¥-i}mu^mi(omtm2(Dmttmm^tixfi^m^=pmikt Ltz 
x^mm=^i&T^-^^z ti}<x^^o tiis nmmit^^mi^iiiff-^ ui^^ 

- i :^i)<m^tl^nmm2 3<DUntLXliA ] . Ti, W. Si. Z 
n. Sn, I n^©^M^U< ^n^o 

So 

(^5 y iJ'ilJjli® 1 3) 

y ^m±mi 3(i. S i ^5 X 1 O'^/cm^ K-:/L/r I 

no.iG a o.9N*^«a>^i:<9^ ^Jx.lf> 5 0 0 :t h a- A©J^Ii:^Wr 

-2>o «y i:'E5±® 1 3 IS I n^^^isnMomim^^mW. U< 

ii I n G a N^fiSc5$#T?B^t- -SC i:JC^ 0. ^(D±^zj^^^ti^ A 1 
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fziti^Klz^Si-^'it^hnm^'y -y Fill 4 ^^tS^^ ^-T^li^ {wti^BS L 

(nMM*S^*^t>:^i:^nftiJi:^5 -y KM 14) 
nm^"^ y Vm li. ^iJx. {f.S i ^ 5 X 1 0 » "/cm^ K- ^ L/c n M A 1 o 

2Gao.8N*^^>5^<J:0^ 2 0:t>i>':^ h n- AoMff^W-r'5>m 1 o®. 
S.rJ^T> F-^CDG aN«J: one Ox 2 O^TViJ^'X h a - AOMff^WT ^ 
^2©S<i:*^5SS{c«jl$ti/ce*§?S«fc«9^j:t)x ^{*-CMx.{iO. 5// 
m<DMff^W-r'5o COnMi^' "5 ^ F« 1 4 (i^i- V TB3D5A26S> RZ/ 

A 1 ^^trM-ft:*^^^!*. ^ b < IIA 1 G a N^^S^ii:^ C <i:*^M^ 
U<. 1 0 0;^>i>':^ hD-Alii±. 2//mOT. ^ * b < ti 5 0 

Vrmi^^ibMijmfiSLr'^^o C©nm^5-v FS 1 4 OM^I:Jg3^ 

(ntJ^T^-r F«l 5) 

n^J^feTy-T Fill 5{ix fiJx.{i\ S i ^5 X 1 O'Vcm^ h'-:/Lfznm. 
GaN*^^>/j:0> 0. 1 /zmOMiy^W-r^o Z(Dnm^:^'^ h'MGl-i. 
-m^mcDytif-f h'MtLXi'^miy. CaN. I nGaN^EJc:g$-li:T?BfiJc 

U< ii2 0 0;*->i^;^ h a-A-- 1 ;um©MJf T^S^Iirao T'i^^ d © 
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(SttSl 6) 

Sttiil 6{i. S i ^8x 1 0 ' '/cid^T' K-:/ L/c I no.2G 

^8x1 O'VciflS K^^L//; I no.osl G ao.ssNct <9 7y:<3. 5 0^>i^' 

MJ¥^w-r^^fia?#F^3t (MQW) -e:^fi£-r^c steSl6t-fcl,^ 

iiom^lil 5 0^>i5''>^ hn-A£lT. Jf^ L/< lil 0 O^T^i^'X ho 

9-148678 -^^fS (*Hm^ {±i^ 08/743, 7 29{i. 4tF?fl^ 
9- 1 4 8 6 7 S^^m'^t LTtliMU/ct>OTfe'5o ) C*JO^T§g^b 
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Mg^l X 1 O^Vcm^ K-yU/c pSA 1 o.sGao.? 

--T^UT^i- ';T*^M<t$n/c i Mi L/T ^m^o pffi'J^-^ -yT^® l 70 
**>$f^ U< i*3 0 O^^^^X hn-AliiTtwISS-r^o 0. l//mJ:»9 

m^^mrnxms:^'^^ pm^^y^m i 7n|3{Ci^5 -y ^^^^ao-^-t < 

A 1 m^^}ti)<i^^l^A 1 G a N<&ffll>T?gfiJc-rS- i^-^if ^ ^A 
1 G a N^g|<5gfiJc-r^M. LD^^Ii^^U^-r < 7^j:^o ^J;t{l\ Yfil 
*^0. 2J£i±0A 1 yG a ,-vNT-feni**5 0 0^>i^'^ hD-A£lTlCI® 

(p{|ij7t/9'-r FMi 8) 
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X 0 Mg^ 1 X 1 0 ^Vcm^ K--:/L/rp^G a N«t 19 

0. 1 //mOmff^Wt-'So ClOpiaiJ^;;^-^ KMl 81*. 
6 oytif^ Vm t UTf^ffl L/. n mytti^ km l 5 ilnl l; < G a N. In 
G a NT'E£J:$ii-T?ggSc-rSC L/C^o ^/c. CCDjfli p<|ij^ 5 y 

p — A—5 /im. $ ^)jrif ^ U < Ii2 0 0:t h o — A—l //mO^ 

ffT-^S^-tir-SCitlJ;*). Jf^ H/>7t7t7'-l' Kg<i: L/TfPffi-r^o COp 
m^-^'^ K«(iii'ffir(lMg^©pM:^*i£«^^ K--/ LT p^©*liMi-r 

pM^"^ y KUl 9(S. -e^J;^!*. Mg^l x 1 O^VcmS K-:/UfcpM 
A 1 0.2G ao.8N<t«3^j:*5. ^iJ;t(^. 2 0:t>^'x ha-Aomff^WT 
ami ©Si. «?iJ;tli'Mg^l X 1 0 ^Vcm^ K-y U/cpMG a N J: O^s: 

m^^Mib^^t^^o Z.Ov)m^3 -J Kil 1 9 nm^y -y KM 1 4 ilU 

(z^*^. 1 0 O^^^^-'T. hD-AJiZ±. 2;amOT. ^ t> {lif ^ L < 5 0 

(p(|ij=»>^^ h®2 0) 
pffiij3 ha2 Oli. P#J:?^ -y K« 1 9 0±{is ^J^{S\ Mg^ 
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2x1 0'"/cm3K-:/b/cpSGaNJ;0nj0. M^it. 150^> 
^'X ho-AOMiy^Wr^o ZOum^ ^ hm2 OitpMO I nx 
AlvGai-x-vN (O^X. O^Y. X + Y^l) X-WftSi-t ^ Z tib^X^^^ 
0^ L< It. ±mo^olzMg^ F-7°b/cG aNi-rtii^. p«@2 1 

J¥^5 0 0:*->i>'X h n-A£lTv $ '^>{C$f^ L'< {i3 0 O^T^i^-'X ho 
tiis^ *^BjT-(±. p#J=J ViJ'i^ h®2 0 %>m^l'mt-t^:iti^X^ 

icDmtm2<Dmt^mmi^. mi +m 2+^1+^2+ - • - tc^^i: 

tfcS-r^ck-^tw-r^c!:. pm@2 1 tit^t. Ll^^-i 'y i:^Mft4*<^^>n^o 
p«:^2 1 count LTll. ■e?iJ;il^N i . P ds N i / A u^^^ff 

*ll2f£?B^2Ttl. m2lZ7^-rJ:r)lzpmi^2 1 nm@23 
<i:CDrH^{c^fcbU/cg'fki^^*i*ji©^®{r S i O2J: ^7^j:a*fe^Ji2 5*^ 

m^-^ti. z.commm2 5 iz^^^^titzmn^^ifti^x pmi^2 1 ctrnm 

6^{c^gE$tLfcp/^••y K«S2 2. J^C>'nm^2 3 tmm^tifzn^<y K 
11^2 4*-<?B^^n'5o C0p/^°•y K«@2 2ll^Sfi^7'i:pm®2 1 
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1 9^^i^Tl^-5o CltLlCckoT. :$:|life?^^2 OM-ft^^^ 
■^St^iS < -r d <i: T&^T' # -5 o 

^*{*^P#J=3 hS2 0 <i: UT> ^(Dmm=^5 0 0:t>i^'X h a- 

1 1 2©±{lfiJcS^-l^'S^M^^{*)iO*i^Btt^S< T'$. S*^©^ 

^^^3lT#^o »^ b< li. ^2©/<.y7Tai 1 2 0±{C5jc:l:S-lir^ 

^IS-T'BM (nffiiJi^^ «y KSl 4Ra'pffliJ^^-y 1 9) iLTffll^^ 



43 



wo 98/31055 



PCT/JP98/00025 



$ t>ir I n G a NIS^B^©ttM*-«te©A 1 G a NOJ: -^^iA 1 ^^trM-ft 
Jt^^^<*llil:-<Ti^t>3&^C^OT. I nGaN^Stt«i:-r^«i:. «Mb/c 

^7"o^jg®^*{*^?©Jt^. -eoSttSl eic^LTs 

p^ij^-i- -y^S 1 l^t&li. -^OpM^-v ^y-ym 1 7 J: tSft®*^ 

*^^llttl/cfeS{I. pfiij7fe/^7'-r Kill 8<t<9 t^O- K^> •y^*-^;*^^^'^^ 
0^ L< liA 1 ^^trM^l:i|^^^{*^^trj@*S^^j^<&W-r 

A$tl/C«^*<. C£Dp#j4^-t"y7'Ml 7T'!5aiL$tLTgBDiAJ6t>n. « 

So 

mu. msE.m^=?-mitpmmm<o^^.mwmm.2 5 2c?f^fiJc-rsii^it^i' 
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^±(o^oK-mj&^tifzmm^m2cDmitm^mt^m=^Tii. ^mtm 

BlcN i i A u <=t <9 -S p 2 h5-ryt*t{::?B^$tLx C©p« 

S2 1 \zniyx-&^nm^r\m^>'^ i7 vm^m^-^^x. -^cDnm^ > 

SS^ffli^/cii^ p «^ 2 1 ©MiJlc^:&Wll^(i n 2 3 ^ISt:^ ^^ot 

^nmMm2x\.-t^ u >y>'g5 (x h^-ry4^®m^) css^j::^ 

\p\xmm\^fzmm^ C^igSI®) us i 02<i:Ti OaJ;^^^^^!^^^^^ 
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WO 98/31055 PCT/JP98/00025 

-rT> Xli^-wK SiC> Si. GaAs. Zn 0#O*^iH4«i 0 t^J: ^S® 

pastil. Igl3{c^-rj;'5 G aNS^l 0 0^?^^b/cftl^.*UT 

1 1 ti. Si K-ynMG a N J: <9 /j: :7 tS-C^O. :*:^MJB^ 

1 4(1. «?iJx.{i*MI»4 0^^^':^ ho- AOS i K-ynMA 1 0.2G 
ao.sN (mi ©g>(bi^^*(*M) iMJ¥4 0^>iJ'';^ hn-AOT> K 
-y (undope) GaNji 2 (Dmit<^^mWm:> ti)<^:S.Kl 0 OMm 

nMi^^-y Kill 4(1. ygttS*^e>Mn/c{aS{c?B5£ LTl^i.o 

1 5 (1. n{|ij^? ^ KB 1 4 <h. -^ttS 1 6 t(DWz^ 0 . nffiiJi^^ ^ ^ 
Kiil 4 0A 1 0.2G a o-aN J; <9 t>/J^$l^/^'> K4=^^ «y :/i4'Wl'4^-^W 

;ii±© n 7 T S 1 1 s n dij ^ ^ 1 4 n M^i^'^ VM 1 

1 6(1. MJiS 0?i->:^*;^ h o-A© I no.2G a 0 .s'N J: OU^^WM 
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X ho- A© I n 0 .osG a 0 . 9sN ^ to -^Ai ^mmm 2m ti}<^:S.lZ'^ff bM 

g K--:/pSA 1 0.3G ao.TNcki^ncs pM4=--1' -yT'S^^-To c:©p<|ij 

18li. p#Ji> 5 -y 1 9 <!:. 1 6 <i: ©ra^lC ^9 . p#J:?-7-y 

1 9 OA 1 0.2G a o.sN J: «9 fe/J^$l^^<> K4^-^ .y 
-r-S. fiJ;i{^T> F--rG a Nek '^^'^i: -5 p{|iJ:^''r Fa^&^-To 

A©Mg F-:/pMA 1 0.2G a o .8N<i:MI¥4 0 H d-A©T> 

F--7° (undope) G a N/i<i:*<2SSCl 0 Ojia«$nT/j:aiSfe^«ji 

© p fflij ^ -y FH ^^^o 

2 0 lis vM^^-y Vmi 90 A 1 0.2G ao.sNi; 0 =b/^$t^/<> F4^•^' 
h S^^-Tc ia±0 P fiiJ^ -y -r ii 1 7 . p m^if^ F® 1 8 . p tJ ^ -y 
F® 1 9Rt>'p{|iJ=i hS2 0{r«i:-pTp*mfiiJ©¥#(*^I^2 5 3 

z(Dj:ir>iz:^mMommmm3<D\y—v'm'Pit^ g & Nmui o o©± 
K±^(o^m.itm^^mwmi i. i 4-2 o;&^a®$tL/c:^ii^wbTi^ 
o. P#Ji^^ -y Fill 9*^^±CD^>^b!t^3^*^*SC*5l^TX h -< U -y 
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3linm^<yy rMl KDmmlZj^^^tLXi^^ibK mWitLXiJ^G aN 
Sffil 0 0^ffll^Tt^-5©T\ nm^^J^fiJc-r^SPr^^G a Ng® 1 0 0 
tX:^-jf-yV\^XG aNS® 1 0 0 ©^®^l5fch ^-ti". -eo^Hi 
G a NS^Kl 0 0©^®{-nm@^?B^UT|Wi— ®ffl!lt::p1|^<i:nm@«i: 

i^.i^T> mihLxi^^mitm^mw^mizii.^ m^i-^s i 02*^bn^5*6 

^112 5*^?^fiJc^^. nm^2 3 i:p«@2 1 ±cDjfeJiti^ 2 5 ©gSDSB^ 
:n-L/T-?:n-Fnpm@2 lS.O'nm@2 Si'l^t^^ti^^oi:^. ^i^^-x-r 
V^'ffli L/Tp^^'«y K«^2 2 ihn/N'-y KIIM 2 4 t>nTl^-5)o U 

•t^^m.m-t. p^mffiijo^^i^^i^ii^-?*^. :in(i> 
55c"ra-r-<T©MjbJ^^^{j^s*-«pMo^«&<&w-r'5- <t^iici*-r'5 1> 

©-e{i/j:i^o nmz^ S14®<i:G aNS^l 0 0 <horB^{C^)-SM'fbi^^^ 

ir-<xc:)mit<>i^^mi^mi!)<pmmm^^m't ^ z t^mM-t ^ ^(Dxitfs. 

fim2comitm^mwmtibmm^tLXfz^mif^=?-m^(onm^^y vm 
m2(omit^^mwm(ommit i o o^^'^'x ho-AOT. $ ^izik^^ 
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u-ACDmmizmm-r^o l O 0:^>^X Hd-AJ;^ t>I^l^<J:. mi(o 

(pfl< thA] ^^tsm^t<^^mW. If ^ U< IIA 1 xG a ,-xN <0 <X 

l^t,©*^^i<^tLS. AlvGa,-vN (0^Y<1. X>Y).InzGa,-z 
N (0^Z<1) © <k 9 ^j: 2 7cMb^> 3 5£il^©M'fl:i^^^<*T-?&^-r>So 
i^x :4:^B^T'{i. m 1 ©^'fti^^^{*{i I n^^*/J:l^A 1 xG a ,.xN (0 
<X< 1 ) m2©g'fbi^^^i:^llA 1 I nzG a ,-zN (0 

^Z<1) <h-r^ C <!:*^$ t U < . 4'T'^>ie^#{C'ffinrcS?s^% 

0. 3li>lT©A 1 xG a ,-xN (0<X^0. 3) ^ffll^. m2©M^l:i^^ 
UTG aN^ffll>^C bl^o 

^/c. AixGai-xN (o<x<i) ^mi^xmi om^m^mw^m 
mm±^tifzf\ij^^m-r^o -rfii:>-^. mi^^mmmm.Km (movpe 

; metal organic vapor phase epitaxy) {IJ;^AlxGai-xN (0<X 
<1) JIRD^G a Na©?Kfi£Cfcl^T{i. t^^tlOiitlnlbHzl^fflM* 
XJ^&^-^^ZtiJ^X^ 'iit-oX^ ^m^^m^^Z tf£< A 1 xGai 
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.xN (o<x<i) mtG aNmt^^:s.iz^S:-^-\t^z.tiz^i)mt^=^ 
m^TM^mii^-rh'micomii^^mwmtL'Xcoh i g a nm^A 

^*^A0{-< <X%^o dtllwckoT. :*:^B^-C{i. A 1 m. 

miAoni (omt^^mwm tw>2 (om.it^^m'^m ton M^T^^i^a?^ 
-zf-r^t^ zcD^mh'-yiz^^x^mmms.. v f m^i&T^-it^:i 
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mt. T> K-y©)itO^-ru^^^ST% I^Mji«iJ*-<S^>fk ^^^^ 

tj7.(DmmizJ:.:htm^-^tl^o ttzpmom-^. a \ G aNltC aNlz 
it^LX^&tfimib^'mi^o ^ZTA I G aNcoy5iZpm'^n!^'^0'< h'-Zf 

s c <i: *^-e ^ <i: Ji^ $ n ^ o 

1 G aN]i<hG a Nji(CM g ^|5]»T' K-yU/c^i^^ A 1 G a NJlT'li 
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NMOT ^-^^^-m^om-^ltA 1 G a NjiJrJt-^Tj^ < . MgOStt 
1 0'^ycm^mm(D^-r V TmmX'i>^CDlZML^ a l G a NT'lil X 1 
G aN/G aNiT^tS^i U TaET^-^li ^tlS G a NM®!?^ 

:bh<ox'h^o U*^=bS*S?<b LTl^^/c^6. h >^wi/^mT^-^ U Tli 

6tjT'*>'So ^£isz.(Dm.Bmtpmmmizm^=?'=^M^'t^miz'Di^xwtmiy 

ii. 1 X 1 0> Vcin3~l X 1 02o/cin\ ^ <^ {I$f ^ U < 1 X 1 0 ' 
cm^-'S X 1 O'^/cm^ofgHci^^f -So 1 x 1 O'Vcm^ckO tO^^Jit'^ 

7^j:*-<t>x m^^mxn^mcDmmijm^^tz}^^ ^loM-fbi^s^^i^ffio^^^ 
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3> m4©M'ft^^^i*Ji©MJ¥t. nm^^y K» 1 4 iloll^X. 1 0 

AlxGa,.xN (0<X^1) ^l$.M:^it^Zti)mtL<^ m4©M>fb 
U < (SA 1 yG ai-vN (0^Y< 1. X> Y) . I nzG a 

,-zN (o^z^i) (Dj:ioti2 7tm¥B. Sytm^Bomit^^mw^j^^ 
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l^^ (#fF^2 5 4 0 7 9 1^) c L*^Up^*■<^it>n/:<i:l^-:.Tt^O 

yiTWU4^-0/jN$7^j:m4OM^I:'^^^{*»©pM^^s£^2g^^^^ < U 
~1 X 1 Q^Wqm^. $ ^CJf^ L'< (^1 X 1 O'^/cma-S x 1 0 ^''/'cm 
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it^^^mwm^^ ^cp^£iitnf^<. if^L<iii/i oi^±(pm^yji)< 

^^sfei^i UTi^Mg. Zn. Ca. B e ^Oji^^t^^II Aj^. IIB]gl7C 

{cS^-r-BSiJ^) < t< liT> F-r) tl^j: 

S i ^ K-^U^cA 1 G a T> F-y©G a NSi-eS<^?S^ 

?eg£U/cii^. A 1 G aNSJiS i ^ K-7°bTl>S©T' K^^-i LXm 
^^e^^Ctil-r*<. «^li:f^7^>i^ + ;l/OiglNG a N©6k^»^IC^-6..'So 
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^mt^ i>iz:K^ < X'^^o m^G aN^^^W}-r^m=^(oo'^^ a i g 

a N«^ri£^,^a5^^il3i■r -Sm^li^ A 1 G a NM*©G a N^tcSSf 

ti-'So U*^L. ±3ZEOJ;9 {^A 1 G a NiitwfclNTs G a NStrifi^-r 
^55-^T> F-:/i-rSi^ A 1 G a NjllCjeiNgg^^-^iiii-r SM^^^S 
i Otj[SL^^i:t(c < < f£^<DX\ $ t>JCT > K-:/G a Nji®^»j^*^fS] 

lwOiNTi$feB^b/c*-«. *^B^-Cli)S*S^«{i, :i©ffe. =i>:$^C^ hMth 
X<Dnm^<-yy tMII. n«;^MFJil5. p {10^ -^^ 1 7 ^ p 
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:$:^B^CfcC^T(i. 1X1 0' Vcm^OTO Y-fmr^tbfl\i.^ ^iS^ F 

B^(c4ol^T. niftijTt;^'-!' Vmi b co:^^^m'Amt 1 x 1 0 '^/cm^^iTT' 
*)^:: L< . ix i 0 "/cm3ii^TT*>S ;i i*^^ ^ U < , 

KS 1 9 <i:-/£i4ji 1 6 .hOPa^d. 1=^^!^ C^om^pmi^mm) MS*^1 
*^B^{I*5t^T. p ffiiJ^V 'l' K«l 8 O^^ifi^^g^ti. 1 X 1 O^/cm^^i 

tJ[LT::cDp#J^;^--r K«l 8{cAoT< 8pIt614t*»'5o i^. ccDpffliJ 
f^^mo^yt'i^^ltmn 3 6 0~5 2 0 nmOlgH. ^^Ttj 3 8 5 
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® 1 8 <i:-®14ii 1 6 ihOFa^tc. ?gttM©#F®. Sa'p«iJ;^7'-< 1 81? 
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-flfX^ih>Ul^^t^ ZCOm-^m^iii-fli m(OX'!)lZf£iO. p-i-n^it 

4:sLapm^^-j vmi 9 ^m^i'm^xmj$.vxi,^^cox\ nm^^p-j 

Kill 4 3S^(y^pfiij^5 <y Vmi 9cDmM!£!a^{£<-C^. ISMmE^<£< 

&.±(Dmmmm 3 X-ti. n ^ -y 1 4 p «|J v y KM 1 9 ^ 
iSl^^mit*!: U/w:6-<> :*:^Bj|i::tLCI5g.^>-r\ n{|iji> ^ -y FS 1 4S(:>'p 
fflij^^-y F«l 9©^ t>®if6. t>/&^— ::^^)|B^S^^5ti: LT^ctl^o i>X± 

(D^oizLxhmmmK^u^miz^^i.xis.<x^^o 
ttz^ mmmmsxii. nmt^^y vmi 43s^o'ptj^7 «y vmi 9^ 

fflij^^ -v FMl 9iii^©pffi'JS.Z^n#J©S^ttl^^(*ji©t^-rn*^l-3>li>l 

±i)m^'^mitxhti\t^\.-^o 'i>x±o^o\zmfiSL\^x^. m'^mK^vL^ 
m\zim.\^x&<x%^o 

ffliJi>^-y FMl 9^jS*S^«jgcbb:fe*^ 2^^B^li-n{cmt>-rs ^ity 
^^-F (LED) fikOg^k^^^i^^^fiiifflTt^CiUl^^^ 
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if^?T'(i#tt2a^^^^< T^. ^iiffii^—^'m=^i)<mmx^^o z.zx^ 
^^'^mtit^ M.mmttzji^mmmmm^xexp ct/To) iziti^i-r^ 

{T : »jfp2aS (K) . To : 4t&zaS (K) ) o U-1f^^T'(i. T 

iK^i^iit\ m'Uxi^mmmm.^^&^&<x^^ ^^^xmit-r^ z. 

(Tmji3 0 2) 

-rr J: t)nj'5M®S^3 O 1±C. GaNJ;<9'y:'5200:t>j5''Xho- 
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©AlxGa,-,N (0^X^0.5) ^l^Mi^^^t^ Z tib^M-^ bt^o 0.5 

-r-s c ti)<m^ Li^o i^. mmmms o i itD-y y^roi^k^ s i z 

({^SMS 0 3) 

1 0 //m. 1 ;c^m0S i O2 mib^2 fimmmiz^^-^tl^o i^. UM. 

J^t^T-^Ml^^-^x ^SU (S i O2 *^?gfi£^nTl^/j:t^T%ji3 0 2©^® 
*^^fcBLTl^'5gU^^) «k*9 t>^Mil3 0 3(Dmmib^±^ <f^^^viz-r^ 
*g^^PlS©^i>7^J:l^^>^^:^^^*^4:S:K3 0 4*^fiJcSU^-r^,^0T•$?^ 
Ut^o i^gJ^S 0 30«JH4<h LTIi. ^J;i{^M^l:':r-r^ (S i O,) ^m^t 

-ir^r^ (S i xNy) . mit^^ > (T i 00 .K'fi:-:;';!/^^''^ A(z r 00 
»(D^&'^m6 0 cc-i 1 0 O''co2ag{w:i3i!ii^;i, ^(Dmmizmit^^ 

(M^bi|$!i^*<*a:K 3 0 4 ) 

M^b^^«l*S®3 0 4li. ■C?iJ;tl^. T > K-:/G a N^^i^MM 3 0 3 
±{CMO V P E}4^ffll^T^J;tl^ 2 0 //mCDJ?${Cfi5cS^n^o C©^>fh 
!^iii^<:^S®3 0 4(1^^^'1' KMISfiJtgj* (HVPE) ^fflC^Tfi£S$■^i■ 
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^Zti)^X'^^i!)K C©J:9t^M0VP E}i{rJ;<9^S$ii-5 C ctfcT't 
mitm^^mwmmit I n. a l ntl^C a N^&^zl^-ii-i. C <i:*^ 

(TEG) mommtrv ^ 2.^t<^m^mi^. mmmitry^^T. mv< 

ckl^o 1${-^SgK3 0 1. TmmS 0 2. «gM3 0 S^^.^feUT^ffl 

nffli><-v:7T®3 1 Iti. M^ki|^^^l*S:K3 0 4±lz^ m^it. S i 
*<3 X 1 0 '«/cm3 F-:/^nfcG a N*<5 >:/m©m$ l^JB^^nx/jr-So 
co/<.y :7 tS3 1 1 1^. ia9©«i:9nj:^3^©^:7fe^^^^^Mb^ii^{c 

3 0 1— ^MM3 0 3<&I^*LT. S^fk^fel^^l^aS 3 0 4C«:^^|^J:f 

ni|ij/<>y -7 rii3 1 1 li^BS^SC i ^X't -So COn#I^<'y 
:7Tii3 1 1 {il«ST-s£:^$-ti-^^<-v :7 r JIT'*) <9s ^«JX-^^-!:^^ r-TT. 

tc. 9 0 0'C2>lT©fi^JCfcn^T. GaN. A 1 N^^. 0. 5//nHi(T 

i!?^ ^m±mz 1 2) 

^"y -J ^V5±m^ 1 2(*. «?iJ;ili'n#J^<-y ■7tM3 1 1±C0. 1 5 
mOli:${l5Sc:l$tL/c Ino.o6Gao.84NJ:0^«J:^o 
(niliJi?^ <y K®3 1 3=^1^^®) 
nfflij^^ -y Kji3 1 3{i> FiJ;i(i\ 2 5^:^^X Hn-AcomJ^^WU 
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S i *n X 1 O'Vcm^ V-zr^tltznUA 1 o . i e G a o . 84N i ^ /a 1 
comt. 2 5:t>irx hD-Ac7)M»^Wt-'ST> K-y©G aNJ: O^J: 

2 /zmtini:^ J:'5{c?^^$nSe f^x C(Dm^=¥-^ iO-^£^nmi^'py KM 
3 1 3{iA 1 ^l^^flfiJc*-<8. 0%T'*>-5©T\ ^©jmJl[iCD«{i9. Si 

tiit}^—yj(Dmiz0'< K-yUT. i^tji^^^l^ K-:/^It^ iBffii^® < 

cnmyt:^'^ vmsi 4) 

nfiij7t7^J--f KM 3 1 4it^ M^liO. 1 jim(DmmiZ^^^nfzT > K 
-:/G a N<t ♦jnc^o ^OnffiiJ^Tf?'^ KM{i> SttM©7fe;^'^ KM «i: 
f^fflb. G aN. I nG aN<^fijcg$-ii-T?B^^'5C<i:*-<Mt U<x iiS 
1 0 0^>i5'':^ hn-A—S /zm. $ U < 2 0 0:^>i^*7L ho 

('^&M 3 15) 

^t4M3 1 5li^ 4 0^>i>'X ho-A©m]p©T> K-T"! no.2G 
ao.sNci: «9nj:S#pM<h. 1 0 0:t>i>'X h o-A©MJ¥©T> K-^ 

I no. 01 G a 0.99NJ; «9^i:^I^MM<i:*-<3SS(::«M$nT/j:0. m^iit^ 
]^J54 4 0:t>i?';^ ho-A©^a»^#F^jt (MQW) ^WT-So 
S44M3 1 5(i*^J©J:9fwT> K-yT-*>ctl^Lx ^/c nM^^^J^C>* 
/XlipM:?^*4i^^ K-:/bTt>^l^o ccom^. ^^ffi^^li^pM. I^M 
Mii5:^ic K--/LTt^< . l^-rn*>— K--7°LTt«kl^o 

(ptJ^-^' -y :/M3 1 6) 
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MA 1 0 .3G ao .7N<|-««J;t(^3 0 0 ^ h d - AO^JpT^g $-tirT 

(pffla:?t;^'V KS3 1 7) 

3 1 6 i *5 t>/h$t^. ^?iJx.{^T> K->^G a N<^0. 1 /imCDmm-^l&M: 
^iirTJ^fife-r^o cost*. SttSO^Ty-f KSi L/TfPffl nM^feT^f 

Ke3 1 4 <J:|5iD< G aN. I n G a N T-^S ^ if ^5 d <!: ^ bl^o 
(pfiiJr^^ «y Vm3 1 8) 

p#J:?^ y KS3 1 8llx ^J;^l^x 2 S^ViJ^'X h n - A©|^Ji:^£-W L 
*^-pMg*n X 1 O^VcmS K--7'$tl/cpMA 1 0 . 1 e G a 0 . e^N J: <9 ^J: -5 
^3 OS it. 2 S^Vi^'X h u-A£Dmff^#UT> K--/G a Nek 19 ^J: 

/j:^o -©pd'J^-^ K^3 1 8 1 (D^m&^i!}<8%X'Sb^(DX\ M 
l?<i:Ofi{;i4. 8 <i:^J: 7^j::fox p#J^ ^ -y 3 1 8 < <b t> 
*^A 1 ^^trM^t^l^^^i*®^^^. i:i>{c/<> F4^-^ 'yy^^wu^~;6^ 

ij^—yDCOMiz^i F-lT'LT. C^tjv^^^l^ F-7°<£-^T^ igffil^iaT^ 
■it^ztib^-c^^o i^. *piliJi^^'y F13 18 ()@t&?M) omm'SiU 

--:^o ='TSB5^<i:(l. n^lOTfe^^'-f F®3 1 4s 3 1 5. pfflij^-i- y 



64 



wo 98/31055 



PCT/JP98/00025 



1 6. S.C^pfflijTt^-'l' FJi3 1 1 =^'^t>-itfzmm^ m-^nm^'^y 

^-So :^mmxitt-rnm(D^ y h'm<Dmm^m< a iw-f^m^ 

(Dltf^ l^i^m^ tLXiU 2 0 0:t>i5''X h n-Am±. 1. 

^ ^{CH^ L/< {i5 0 05f>i/x hn-A~0. 8 //m. «t>M^ b< {1 

X h o — A cfc iiMt^<i:. =iT^*i}r}^th^ii<mtifzL^ mm.7}<±^-t^m 

(pfflij=i:/^i> hS3 1 9) 
pm^>:^ ^ hJIS 1 9 {S> ^Jx.l^Mg*-52 X 1 0 ^Vcm^ h'--f^tlfz 

P#J=3 VrJ' h»3 1 9 li±iE©pMG a NJ^i^C pM© I n,A 1 v 
Ga,-,-vN (O^X. O^Y. X + Y^l) xm^-t ^ :i ^iJ<X'^ ^i3<. 

pm@3 2 1 tj:'omBU:t- 1 ^ ^mi&=^m^fzi6izu g ^ v-yvfz 
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y^i^ VmSlSt. p^ftij^^ -y KJi3 1 7 <b<^i-y^>^*bT> 1119 II 
ii^^^B^RSti. X h ^ -/t^to^^SJ^ 3 0 3 SD^x h ^ ^ :/t«t 

'J -y •:;^g5©f^ffliJ{Cn{|iJ^<«y :7 3 l 1 ©^®^^ti3^-tir> ^fcB^-tir/cn 

m^<y :7 3 1 1 o^BJi-^n-E-'nT i <t a i «t 197^^^ nm@3 22^ 

^ /I. p > ^ h ji 3 1 9 O 'J -y xm^BtC Ni<i:Au.t*)/j:^p 
m@3 2 0:6^x h^-r-T't^cli?^^^ ia9{i:^-rJ:9i::p«®3 2 0 <i:. 

mmmz 2 s^i^^i.. :icommms 2 3^^utp«m3 2 0 
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m±o^o Km^^titzmmmm 4 o u-if^^ ^ts^mig 

^m-t^ n aij ^ ^ Fii 3 1 3 Ra' p fiij ^ -y 3 1 8 li-^rti-^-'n. S 

MMmafi^t^b. $ftb<(i7 0;t->^'x ho-AJS;lT. ^^{r$f*L< 

O^^-r^o ^{*6^'iJ^EJc<!:bTli. ^?ij;t(^A 1 ,Ga,-xN (0<X<1) 

Ufcjgjfe^tx ^Jx.{i*A 1 ,G ai-xN/G a A 1 xG a ,-xN/A I y 
Ga,-YN (0<Y<1> Y<X) . A 1 xGa,-.N/I n,Ga,-zN (0 

<z< 1) mos-TzMmtSTtm^B. it3 7Lm^FBt2 7tmBtms. 

CDliA 1 xG a i-,N tG tt^i^tl^m^^f-X^^^o 

osG a o.5N<i:> 2 5 ;t h u - ACD G a N «i: <£r 2 0 0 (1. 0 

^^ti-MOA 1 '/i^ait*'«0. 5T*>^/zi6. ^©A 1 ^^tr«©-^^JtO. 
5{i^]?lt (2 5/5 0) ^mil'fzmO. 2 S^fflO-^s ^©@:|^?CDA 1 
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^fz^ mmt<m^i^i^'^. a i o.^g & o.sN^^a o:t>^'x h^-^t^ 

0. 5 (4 0X6 0) = 0. 3 3 tfl 0 CDX\ A I W-mmm-i 3 3 . 3% 

t-t^o fiP-^A 1 ^^tsmit^^^mwmcoA i m^it^. ^omit^^m 

1 T CDM {w J6 8 SiJ ^ m b ^ t> © <&5^^Hj jb- «:f ^ 

i^=¥-(oA\w-^m.]^fr^o ^fzA\ ^-myj-^tsm^i^nm-v^Ki. 

(i*A 1 o.iG ao,8N2 0^>^X hn-A, A 1 0.2G ao-sNS 0^>r?' 

0. 1 (20/5 0) +0. 2 (3 0/50) =0. 
1 6. mt> 1 6%^ A 1 W-i^mi^t-r^o UisKl±<DmitA l G a N/G 
aN. A 1 G aN/A 1 G aN iZ-Dl^X'^B^iyfziiK A 1 G aN/ I n G 

(DA iw-ms.^ii. s IMS c—iX^ :t >mm.^VT'^m) . :t-i^^mo 

^ -y FS3 1 3±i^(Dm^^0. 5 //mlii_h<b nfiij^ -y F 

S3 1 aiw^^tiSA 1 5pi^*igJc^S:5^^ (%) X^Ltzmz. nM^^-^ 

h'm±i^com^ (urn) tAiw-i^mm c%) ioa^M. 4i^±tu^ 
^oizmjiSLi^xi^^z t^ii^mt-r^o :^mmmm4xi-i.. 

n#J^5 -y F»3 1 3(O±W(Dmm^0. 5 ;t/ mii;l±(i|S^ U*^-omMJ¥ 
{C±a2B0J:9{r»{±l$nSW5^^ (%) XmiyfzA I (DW-mS.Jt!i=^§k\^fz 
M*^ 4. 4Je-l±{::nc^.k^C. jStgTjl^®fi5c-r'5§ji©MJSi:A 1 © 



68 



wo 98/31055 



PCT/JP98/00025 



nm^^ y VMS 1 3OI?$*^0. 5 fim^ <9 hm<. t^-^^OnMi^ 
^)S*^^>T'^So ck.tJfiF^ Ul/^A 1 ^iSjJMi nffliji? ^ 3 13©^ 

xnm^3 y KM 3 1 3±W(Dmm-(D±mit^ nm^om (.^^^ y 

fti^^fi^.tctl^ ^J^H\ |iji5n#J:^5 .y KjiO:i:(*®l*$^0. 8//mlil 
iiU. luiSnffiiJ:? ^ .y KMtc^^tL'S A 1 ^lfei*ifife^5. 5%ia^Jt«t-r 

(Dm^^l. 0 ;tzmJi-l±<i: -ErOnffiiJ^ 5 y KJlC^tn^A 1 ^l^im 
fi£^5. 0%&.±t-r^o -©^^0«I15. 02l±T'*)^o $^>(C$F^ 
U<{ix nfflij^5 -y KMO±{*OiS$^l. 2 A^mJai±«i: Ls -€:©n<|ij^' 
5 -y KBC^^n-SA 1 5|ii^*ifiJc^4. 5%2^±<i:-rSo C©li^cD«{l 
5. 4Ji^JtT'^^c £l±©tJ&B^lln{|iJ^ ^ .y Kii3 1 3©l^l?<b. igtS? 
J: *9 7^: n fiij i7 -5 -y VMOA 1 ^^l^OM^.i ^^{*e*?{l:^-r 
-So A 1 ,G a ,-,NllA 1 ii^Jt^l-:^^ < •r'l>{c^^el^^ /OK^^i'-yyj^ 

S®,6tl(C(iA 1 m^B}tX(D±^i^^ m^liO. 5SX±CDA 1 ,G a ,-xNM 
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i:>^^i)<Xl^<DX'$3^ib\ A 1 xG a,-xN{ili:<^S$-ti-ir < l^o m— 
ST-^twA 1 mFaitib^O. 5&.±(DA 1 .G a , -xN^^:g J; 9 i-T ^ 

0. 5Bi±oA 1 xG a i-xN®^. m—m-cm^imfimommx'^M:^ 

9 tc-r ^ <t ©-r 

(lb. pffliJi^^ y h'MS 1 8^nm^^ y VMS 1 3<i:|5l*iOM^ 

tt^o ^A-tf^i^. vm^^ y h'McDA 1 ^i^mgJc^::^^ < "T^*^. 
l;imm<&ff<-r^i:. A 1 G aNm(D^&in.mi}<:k^ <fl^m\SHZ^ 

^ y Vmtl.Xitm^'\t^fziblzli^ 5 0^>i>'Xha-A 
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(%) pfiij^^ -y K;i^«:©]i:$ (//m) iAl^i^m^Jc 

pM^^ -y KS^A 1 ^^trM^bi^^^i:^^Wr^jS<^^<!:^^li^ (41 

-xN (0 <x< 1 ) mt. -^(DA 1 ,G ai..Nmtm.^ii)mfi^ik(om^t 

^^^mWmt'^:mm\^fzm^=I'tl.. a l ,Ga,-xN/GaN. A 1 xG 
a ,.xN/A 1 yG a 1-vN ( 0 < Y< 1 ^ Y< X) ^ AUG a ,.,N/ i 
n.Gai-zN (0<Z<1) m(0 STtm^at STtmFm. ^ b < 3 tc^Sb^b 

t27z.m¥Bt(D%K^^iD-±xm^^t[^. ^©ct3-e-t«^>if* b< tiA i 

,G a ,-xN<fcG a Ni^^^T^il-SetS^i-T'So 

[mmm i ] 
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>^^T (NHa) iTMG C h V / ^ JV:tf ^) ^ A) <i:^fflc^. 1 0 
±IZG aNck<9^J:^lll 7 rgl 1=^^2 0 0^>^7. ho- A© 

7 1 1^:^^. TMG©;5»-±J6T. 10 5 o"c^-e_h# 

•^^t^o 1 0 5 OVlZfl-^fzih. InIb<Jg3^;y>?.{lTMG. T>^-Tif 

m^X. 1 0 5 O'CT'TMG. T>^— Ts :T^*i6J^/^7''X{C •> ^ ^t!?'^ (S 
i H4) ^ffll^. S i X 1 0' Vcm" L/c n MG a N <^ /j: ^ n 

<5^{I. iSS^ 8 0 O'Clw LT. ll$47y:^{wTMGs TM I QhV^^Jly 
-r>i^'i7 2^) ^ T>^— ^nm:^'7.lZiy^>ti'7^^mi'^^ S i^5x 
1 0'«/cn3 K-'TL/c I no.iG a o.9NJ:<9>y:-5:J'-5 ^EJihMl 3^ 
5 0 0:^>^'X h o-A©mj?T'^S^-ii:;5,„ 

-eUTiajg^l 0 5 0°C{3UT. TMAs TMG^ T>^- — Ts '>-7 > 
S i <l:5 X 1 O'Vcm^ h'-fLfznmA 1 0 . 2G a 0 . sN J: 

ii^l^Tx 1 0 5 0°CTS i ^5 X 1 CVcmS F-^U/c n^G a NJ; 
nfflijTtT^'-r K«15^0. 1 ;rm©MffT'g)cS$-li-;5o 
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/cm^T V-zTLfz I no-zG a o . sN J; <9 t^J: -i>#F»^ 2 S^^i/X ho 
S i 1^:8 X 1 0»Vcm3 K-7*U/c I n o . oi G a o . sqNcJ; <9 ncSI^M 

it (MQW) O-SltJil 6^^S^ii-^c 

^S^l 0 5 0°C{C±{f, llJH4#X{rTMG. TMA. T>*- 

/cmS K-^L/cpMA 1 o . 3G a o . vN ct ^9 ^^j: ^ p iliJ4- y@ 1 7^3 
0 0 ^ V h D - A OM^T'gjc:^ ^ -ti- ^ o 

ii^l^T. 1 0 5 0X:T. K4^> -y 7'j:-^^;U^-;&^pffliJ4^i' -y^M 1 

7 J: «9 =b/h^t^> Mg^l X 1 0^°/cni3 F->^U/cp^G aNJ:<9/<c;5 
p «|J^;^V KM 1 8 ^ 0 . 1 //m©l^l?TfiJcS$-li-^o 

Ml^T. TMA. TMG. T>^:-T. CpzMg^&fflC^. 1 0 5 0 °C 
T?Mg^l X 1 O^Vcm^ F-:/L:^;pMA 1 0 . 2G a 0 . J; 0 ^i: 1 © 

Mg^l X 1 O^Vcm^ K-:/b/cpMG a N J: <9 /j: 2 ©M^ 2 0:t> 
i/X hD-A©MJi:-Cs£S$-lir'?)o ^VXZOmit^-^M'tll 0 OlEl^ 

a'^lw. lOSCCT. pffliJi> 5 -y Kll 9©±{r> Mg^2 X 1 0*" 
/ciD3F-yU/cpMGaNi:«9ni^pffiij3>:J'i? hM20^1505r> 
hD-A©J^I5Tfi£S$-t^So 
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fcbiiu/c^a#fFii5, 3 0 6.66 2^izm^^^n. :^mmm<DT^-v 
^viz'Di^xi.^m^n^b. 3 0 6.6 6 2mzm7ri^tifz:^m^mi^x 

R I Emmizj;:iom±m(opm:=j>^ ^ hm2ot.. pm^'py vmi 9 

So 

<tA u J; 0 p«@2 1 '^m^-t^o —Id. T i 1 «k O^a-S n«m 
2 3^X h^-l':7't^©n{HiJ=3>^^ hii3 0{tit'^®{wI^fi£-r'5>o 

25^^i^xvmm2i tmm.i^\zmm\^fzpy<y Fm^2 2x s-c/n/N-^y 
Km© 2 4^m^-r^o 

^inu. h'mmm=^mi^x. mi\:<m^^mii^^j[^^i.xK^fii^m 

t'>i^'^^ ihizmi)^^'^mmmxi fim-^^v iy>rvxmw.Bim=^^m^ 
mumm'^. mmT^m^ :^ ^ 3 ^ y Lx . :^h^^-:fv^(Dmmzmmfi 
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(ifc^^J 1 ) 

12^S i^lxl 0' VcfflS K-^L/cn^G aN#— T5 // mgJcS $ 
n<|ij;?5 -y KSl 4^S i ^1 X 1 O'^/cm^ K-'T'L^cnMA 1 0.2G a 
o.sN^— -eO. 4 //m^S^ii:. pM^^ y h'Ml 9^Mg^l x 1 0 
/cid3 K-7"U/cpMA 1 0.2G a o.8N#— T'O. 4 //mfifeS^-ti". ^b>ic 
piRiJr'^iJ'^ hm2 0^Mg^2 x 1 O^Vcm^ K-^ L/cm— CD pSG a 
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1 
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-^•mm^i^ibmm-^tifztK mmmmts. ovj^±«)<9> i^^x-xonx 

mmmil^isi^X. nm=i>^ ^ hmi 2^^. S i<£•2xlO»VclD3F 
-y U/cnMA 1 o.osG a o.ssN J: O^Ji^mi ®®^3 O^T h p- 

m2©/i<£rS i ^1 X 1 0 ^«/cm3 F-^ b/c G a N <h-r -Bftkii. HSfe^J 
^Jfi^Jl tlfct^T. m2©/<'y :7 r^l 12^. Si^lxl O^Vcm^ 

^Jfef?»J l^cfcl^T. nfiijn >^ ^ 1 2^x S i ^2 X 1 O^Vcm^ K 
-yb/cnMA 1 0.2G a o.sNJ: O^^C-S^l 0«^6 O^TVrTT.ha-A 
Ol^fpT^g^-li-N ii^l^T. S i ^1 X 1 O'VcffiS K-'/U/cG aNJ;*9 
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i ^ 1 X 1 0 * VcfflS F-y b/cnMA 1 0.2G a osN^— "CO. 4 n 

^ti^iztzh^ mm.mmmm.^. 2 k A/cID^ ^MmE4. sv-z:-. ^ 

6 ] 

(1) ^<-jy tMI TMGO«6»-±Ji6T. e^^^ 1 0 5 0*Ct 
T'±#$-y:-5)o 1 0 5 0"C(C/<i:r./ct>. I1)^:^'X(ZTMA. TMG. T> 
^^T. '>3>^m^^. S i X 1 O^^/'cm' K-:/L/cnMA 1 0.2G 
a o.sN J: 0»^6 0^>^X h n- A©MJ5T^S$ii:. ^ 

Tt-y^y^ h a-ACDMni-rgfes^-ar'So ^UTmiil+m2ji+miiH- 
ii2ji+- • ' 1 1.^0 j^oizm^^^'m^mmL. ^ti^'ttm ICO M'zro 0 
OS. m2£Dji^5 0 om^mzmmv. m>mm5 finKom^^^'ji^^i^ 

(2) mz^ mmmi trnmizi^x. s i ^5x i o^vcm^ F-:/b^ 

-€-LT. ^a^g^ 1 0 5 O^'Ctl bT. TMA. TMG. T>^ — T> '>-5 
^^ffll^. S i ^5 X 1 O'Vcm^ K-yb/cnMA lo.2Gao.8NJ;0''<£ 
-SnffiiJi^^ -y KMl 4^0. 5 AimOMIl-C-fi)cS$-ti-?>o 
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4. 4 0 5 nmCDili^^S*<5ilS$tL. 3 0 8^Fb^£1±^^ 

^Ig!5{w:^-ro Ctllip#J=i hji*^ £*^«S>)li^rA (1 0:=i->i5''X 

ho-i.je-lT) . B (1 O^^^i^'X h n-A) , C (3 0:^>i:^'X h o- 
A) . D CI 5 0:r>i:''7. ho-A, *^mf>J) . E ( 5 0 0 > i^';^ h 
D-A) . F (0. 2nm) . G (0. H (0. 8;tzm) ©li 

*>^o p{|iJ:3 >^ ^ hji2 0OliJi:{i5 0 0:t>irx h n-AOT. ^ -S* 
{Cif ^ L< ii3 0 0^>^:^ h o-AiiiTTS>'& ^ <i:%)-«M^ l>«'^o ncfcl 

SBOpffliJ^^ Kll 9 0^®/i>^S8tb UT < -S/cfe. p O > rS' ^J' K 
(JtS?^J2) 

^lO^E5c©U-1f^^lC4bH^T. ni|iji^5 KSl 4^S i ^1 X 1 
0*Vcni3 K-^b/cnMA 1 0.2G a 0 . sN J; <9 /j: -5^ 1 1 8 0;t> 
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L/cA 1 0.2G a o sN. 6 O^r^iTx h D-AJ; cp«i. Mg 

m2comt^mmi^fzmmmo. 5 //mojs^s^^^jgi-r-sftfeisiijfe^je 
^m^-r^m^i=-mcDmm^^^^mtwimizLxi^—*fm^=$:i^miyfz 
h-^fzt\ 2 0 B^PBija^±©^^^^ b/co 

[^Jfe^aj 8 ] 

^Sfei?iJ7 t-*Jl>Tx ^ ^\znm^ ^ y YMIA^S i ^1 x 1 O'Vcm^ 
F-:/b^cn^A lo.2Gao.8N. 6 0^>^';^hu-AJ:<9 7y:Smi© 
Six S i ^1 x 1 0'Vcni3K-7°b/cnMGaN. 40;^>^^hD- 
AJ;*9/j:am2©ji<i:^«jiby;:)ii:Jl)^0. 5 x/m©j@tS^:^jt<J:-r -Sfife 
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TS i ^1 X 1 O'Vcm^ F--rU/cnMG a NJi^ 5 m6Jc:g$-lirSo -5- 

©g:$:@iiC4^t^T^ n PJi^^ ^ K« 1 4 ^ 2 0:^ h n-A(DS i 

(IxlO^Vcm^) F-T'nMA 1 0.2G ao.sNck^jnfSmiO^i:. 2 
0:t>i/x hn-AOT> F-:/G aN<t «9/i:sm2©M«b^a® LT/j: 
'SiitMiSO. 4 ;zm©j®t&^:g|jg<i:-r'5o $ -S* C p ^ KM 1 9 ^ 2 
0:t>i>'X ha-AOMg (IxlO^Vcm^) K-^ pM A 1 0 - 2G a 0 . « 
NJ: 0 0®<i:. 2 0 ^ h n - AcDM g ( 1 x 1 0 ^"/cm^) 

F-yp^G aNJ:f?/j:am2OS<h^«MbT/j:'Sii^mm0. 4 //mO 
m^=^m^t-t^o $ ^{w^/cp#Ji3 >;J^ i> hji2 0 ^HJte^J 1 ® J; 9 Jw 
1 5 hD-AOMg (2xlO^Vcm3) F->^pMG a N<i: U 

fztZ^b^ Mi^M'^i^^S, 3kA/cni2T\ 4 0 5 n mOS^^g*<5S^. 
BiiMmEtiS. OV, t> 3 0 I^Pa^K-lJi^^ L/Co 
CHJfe^Jl 0] 

^WJ9 {;:*Jt>T. n#J:?-5-y FM 1 4 OMt&^^mgJcr5^2 
S i ^1 X 1 O'VcE^ F-r U/cG aN^-r-^ffeli. HJfe^iJ 9 ilni^t© U 

S i^#< F-yi-^fifeli. ^Jfeiajg <i:lH]:m{::UTfP^U/cl/— tf^^ii. 

[^Jfe«?IJ 11] 

1 X 1 O'Vcm^ F-7'L/cnMI no.oiG a 0 . 99N if ^ifelilil^l^ UT 
2<om(Dm^^ I nG aNch U> M 1 OM tM 2 OM tCD^'^^M^^m 
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mmm i 2 ] 

^WJ9i::iJC>T. nM^'yy KS 1 4^m^'t^mi<Dm (S i : 1 
X 1 O'Vcm^ V-zfA 1 0.2G ao.sN) (Omm^ 6 0^>i?'Xha-A<!: 
U> m2 0M<&S i X 1 O'Vcm^ K-7'L/c4 O^^^'v^. ho-A© 
G a L/> ^MffO. 5 m©Mt&^«ife<i:-r -So $ t» p diJ iJ' "5 «y F 
SI 9^m^-r?>mi(Dm (Mg : l x l O'^VcmS F-^A l 0.2G a o.a 
N) ©m]?^6 0:r>i?'X hn-AiU. m.2 0« (M g : 1 x 1 O'^V 
cm3 F-:/ : G a N) omm^ 4 O^ly^T. ha-Ai ^J^JSO. 5 

im2cDjio F-ra^isiDtr LT. mm^mt^'^. pm^^^ rmi 

^ssf^iji 1 (c4bH^T. nm^ ^ y h'Mi 4 =^m^'r^m2(Dm (CaN) 
CDS i m^^ix 1 o^Vcm^i-r^^feii^M^ji 1 (hin^mo^ii^w-r^ 

mmm 1 4 ] 

^Jte«?iJl 1 {w*^l^T> nm^ "7 y h'Ml 4^m^-r^m2(Dm (CaN) 



82 



wo 98/31055 PCT/JP98/00025 



immmi 5] 

LfznmA 1 0.2G ao.eN#— T'O. 4 m^S $-ti--5ifelilRl^t- UT U 

1 9o;?»-^||J£|?iJlCDJ:^ {cMg^l x 1 0 ^"/cm^ K-y L/cpMA 1 o 
.zGao.sNckOT'i'SlllOSx 2 0:t>y7. hvj-At^ Mg^lxl 
O'Vcm^ K-:/b/cpMG a N J; <5 /j: 2 ©« 2 O^^-^J^'xha-Ai 

2 0^^m^JlO«}:9JCl 5 0^>:/x hn-ACDMg (2x1 O'Vcm^) 
h'-Z^T>mG aNtVfztZ^b. 1nll;< Mfitm^^SS. 4 k A/cm^-C-. 
4 0 5 nm©aigl^®*^5m$tL. r««JEil5. IV. »^(i2 0l^rB^ 

miom (Alo.2Gao.8N) <£:6 0:^>i^'X ho-Ai: ^ 2 (G 
a N) ^ 4 0 :r >'i7'x h n — Ai LTm® jiiMffO. 5 // m S tiE 

mmmi ii 

b/cpMA 1 0.2G ao.«N^— T'O. 4 mgJtg$-ti:-5.to{i|5l:^{r UT U 

1 4 0^=^mMm 1 O X o S i ^1 X 1 0* Vcm^ K-:7'bfcn^A 1 0 
.2G & o.BN^^f£^mi(Om^ 2 0:4->i5''7. hn-Ai, T^K-T'© 
G aNJ;<9/i:a^2 0«2 0:t>^7. h u-Ai*^^/j:S^tMI?0. 4 
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1 5 0:t:^^'X h D-A©Mg (2xi02Vcm3) F-ypMGa NtL 

mmmi 8] 

%l(om (A 1 0.2G ao.sN) ^70^:yif7.ha-M.tL^ ^2©®^ 
S i X 1 O'VcfflS K-T'U:^ I n o . oi G a o . 99N. 7 0;t>^xho 

mmmi 9] 

^Jfe«3Jl 7lcjoC^T. nm^^-j KSl 4^«fi£-r'5jS*S?S©mii:^ 
HIOS (A 1 0.2G a o.sN) 0:^->:?'X h n-Ai ^20® (T 
^K-yCaN) ^4 0;e->rx hn-A<i:LTa®b. i^^mUPO. 5 
mif 5ffe{i^»iJ 1 6 ilHlfHOU-if^:? ;^|i/cic5. IIJfe«?iJl 7C 

^ ^ w-r ^ 1/ - If ^ n^o 

[||]!fS^J2 0] 

Onc-SmiOS. 2 h o-Ai. T> F-T'O I no.iG ao.9 

Nj: 0 7^d:5m2cDji, 2 0 t^mm\^xfs.^mmwz oo^v^^hn- 

A^jStfe^Mi'T'So -?:tL{i:!jD;tTs p ffi!l7t;:^'-r K« 1 8 T > F-^© 
G a Net l^nc^Ml 2 0:t>i>'7. h n-A<i:. T> F-7°0 I n o. 

IGao.9NJ:^)''j:'i)m2©a^ 2 0 ;t h d - A t^aw bT/J 
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hmz o^mmmi(Dj;ioizi 5 o^>^'x hP-A©Mg (2x1 

O^VcmS) K-^pMCaNchU/ciiC;!,. iiMm-^S5ii^2. QkA/cm^ 
T\ 4 0 5 nm©aii^^^«l^.$ns fiilMmE{i4. 4V. ^^*>60 

immm 2 1 j 

CTy^ hn-AOMmTJ^SS^ii-s i^Rll^T'S i ^1 x 1 0 ' Vcm^ F-^U^ 
nMGaNJ:'9^i:'5='>^^ 5 mCDMm-CgJtS ^ii-. I no. 

4G ao.eNJ: 0^<i:^MJ¥3 O^v^^'x h n - AO#— a^#p1tit.k *9 ^j: 
S?gttJi4<&fi£S$i±5o 
(pfiiJiSl^^ii) 

^{C. ^Jfe^Ol <i:|nl^(- bT. Mg^l X 1 O'Vcm^ F-TU/cpMA 
1 0.2G ao-sNJ; <9:^j:^Bl©ji^2 0:t>i5''X h o - T'gScS $ 

•ti-x i^l^TMg^l X 1 O'Vcm^ K-yL/cpMG a N «}: <9 ^.J -5112 
^2 0:t>^*X hD-A©J^J5T'^5$ii-. mMmO. 4 MmOiStS^J; 
*9 -5 P «ij ^ ^ -y Fji5^fi£S$iirSo dOp^SO^^ FS4©Mli:t# 
1 0 0:t>i:'*X hD-Aii>l±. 2 umW.T. ihlzUt 

i5^{CCCDp{IO^^ ^ -y F«5©±lcMg<l:l x 1 0 "/cm^ F-:/U/cpM 



85 



wo 98/31055 



PCT/JP98/00025 



2 0 0:t>^:^ ho-A©N i - A u J; 0 '^J: ^il^tt© p m@ 7 ^JB^ 

ULTLED^^t U/c«i:C;!>x I f 2 0 m A (Cfc l^T 5 2 0 n mO^fe 
^3fe^^U> V f 1^3. 2VT*)o^c CtiH^fb. piliJiJ'^ «v 5^ 
m—(DMg K-T'A 1 0.2G a o.8NT-:^gJ<:U/cLED^^©V f 3 . 4 
V-Qtb-^fZo ^ ^{C#«iKiE{*2js:||M^?iJ©::^*^2f§iii±©limKJE<£-WL 

[|lli^J2 2] 

mcomW-^^ h a-At m2©S^Mg^l X 1 0 'Vcm^ 

K-^b/iGaN> 5 0;r ^r^^'X hn-Ai UT. ^n-S^n 2 5 ®«® 

C^J?tet«J2 3] 

mi ©ji 1 0 0:^>i^''x ho -A, m2©S^7 0?fi^^':^ hD-A©m 
^itm.lyfztz^^ Vf(13. 4 VT'feo/c*^. #mWfflifi£^©t>©ck 

^2 0%Jii±@nTl^/Ce 

mmm 2 a ] 
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1 O'Vcm^ K-yt/cnMA 1 o . 2G a o . sN ck 0 t^a -SB 1 OS^ 6 0 ^ > 

LTLED^^^fpSSIU/ciC^. Ill b < I f 2 OmA{CfcC>T. V 
[^»J2 5] 

^ii^j2 3 {wfc^,^T> h^m5=^mj^-t^m^^(Dm i(Dm (a 

lo.2Gao.8N) ©mi:<£-6 0^^>rx h n-A<h B20/i©JlJ¥^ 

{S3. 2V-C. mmmKir^^o2i^]^±x'^'ofZo 
mmm2 6i 

m2 trnta^ tZbit^ mWil OiZC aNJi^O-fl^MUl O l<£^fflt^Tt^ 
^tz^t. %2(Oy<yy rMl 1 2^^^^'\t-r\z^ nMl^'M^ F- 

izm-ti^—^mi'imTozfjmz^^xmi^ti^o 

S i ^5 X 1 O'Vcm^ h'-Z^LfzG aNM^m^ 3 0 0 umX^&^'itfz 

'Ik. -^y T ^ rmu^m^i^xm^ soo fim<Ds i h'-zfc aNmmi 
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GaNmmioii'^wim. '^m^i o 5 orcux. S i ^3 X 1 0'« 

/cm3 h'-zn^fznmG a N J: *9 5^ 3 -y "7 1 1 3<l:3 /^mOJ^ 

G aNs^i 0 1 tm3(D^<yy tMi 1 3 tcDf^iz^ mmmi tmmiz 

<5(:{im3 0^<-y:7rJil 1 3 0±{C> ^Jfe^J 1 ilHltCS i ^5 x 1 0 
i8/cn,3 K-^b^c Ino.iGao.sN.iO^.J'E)^?-^ >y i?gS±® 13^5 0 0 

:t>irx vxj-i^cDmmxm.&^'^^o 

S i ^5 X 1 0 'Vcm^ F-^ U/cnMA 1 o . 2G a o -sN J; <3 ^i-S 
^lOSx 2 0;*->i^'X h o-Ai, S i ^5 X 1 0 'Vcni3 K-^b/cG 
aNJ:<9/j:^m2 0jl2 O^rv^'X hD-i.<i::^l 0 0 b/c. 

<:>:li||*te^Jl tiHl^H^ S i ^5 X 1 O'Vcm^ h'-zTLfinmC a NJ: 
*9'y:'&n#j7t:^''r Kill 5^0. 1 umCDmmx^&^-^^o 
iXlz^ T> K-:/I no.2G a o-sN^t 2 5^>i^'x 
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^■tir. ^S{c2lHl^t)igL. *^{c#p«<&«^L/cmM{? 1 7 5;r>^^' 
x h o-A©^fii^#p^jt (MQW) OSttS 1 6^^:g$-ti-^o 

'{kiz. mmmi tmmiz^ Mg^&i x i o^'/cms K-y l/cp^a i « 

m-Cf^S:^-^. Mg^l X 1 O'Vcm^ F-yb/cpMG aNJ: O'^.J'SpffliJ 

ii^CtCllJfe^Jl tmmiZ LT. Mg<£-1 X 1 O^Vcm^ F-T'L/cpMA 1 
0.2G a o.sNct 1 2 0^>irx h D-A<Jr. Mg^lxl 

O^VciD^ K-7'U/cpMG aNJ:<9/j:§||2 0«> 20^>i^'Xho-A 

ft^ic, pfflij^ ^ «y FS 1 9p±{c, Mg^2 X 1 0 ^VcfflS F-:?" 
UfwpSGaN.iOnj'5pilfJ=i>^^hjl2 0^15 0:^>iJ''7.ho-A 

SJS5**T^s 7 0 O^C-CT--'; >iru/c^. HJfe^iJl ilWj^lc. RI 
E^fflict !9*±«©p{|iJ=i ha20<b^ p#J^^-y F® 1 9ch^ 

^jg^j ii:iDiD<pfflij3>'^i:7 hji20©xh^-r7°y«y 

®©i3:Jt'^®{rN i A u J; t> ''d: ^ p 2 1 ^BfiJcUs G a NS^l 0 
1 ©a®<D(i:(i'^®IC. T i iA 1 «k «9 -5 n 2 S^'S^^'t^c 

iXlz^ SI6(w^f «t9(Cp«@2 10®a^^><> p{|ij^^ «y FSl 9 
©S i 02<i ^7y:^^^M2 S^J^fiJcL. c Oi^i^il2 5 LT. pm 
@2 1 <J:mmfi*J{w^i^b/cp/N-«y Fm:^2 2^?g^^'5o 

P«^2 Hzmm.fiy3j^X'G aNS:El 0 1 ^^<-f^{I^ 
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mmMKA. 0 V-e. ^^55feS4 0 5 nm©jllii^Jg*^5i^.$n. 5 0 0 ' 
[^W!l2 7] 

■^':^T^7 (C®) ck'9/i:^S:EO±lCG aN^ijT^A^/N'v^Ta^:^ 
UTG a NckO^j: -5 5 0 //mCDm»T-^S^-^^G a NS:^ 1 0 
0^ffl«f 5o -©G a NS:^! 0 0 ^KJt^^i5l^ fC-tr -y h 2^^^ 1 
0 5 0''CtT'±lf. ^-i' »J T7yxC7K^> J[li|s^7yxCT>*^T^TMG 
( h 'J y '^^A) , -^W^-n7^^\y'Zi/'y:^iS7.^m\^^-s GaNS 

®100±{CSi^lxl 0»Vcid3 F--rL3tG a N«t<9 Tail's n{|ij^< «y:7T 

ci:Pfj:;5t^i^j:<9/i:;5SS©_L{c. 9 0 0"COT©fiia{w*Jl>T. G a 
A 1 N^^. 0. 5 /zm£lT©imTiEg^^S$-^^^<-y7rji<i:liESiJ 

( n fiij ^ 5 >y KM 1 4 = iSt&^ji) 

i^l^T. 1 0 5 0°C-eTMA ( h U y 5^>'l/T>'Ui-'^X.) . TMG. T 
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>€r-T> '>^:yi^':^^mi^. S i ^ 1 x i O ' Vcni'» K-:/ U/c nMA 
1 0.2G ao.8NJ:'9^J:'5mi©ji^4 0:t>^'X h o - A©mJ5TfiScS $ 
•t^■^ m^'^X lytfT.^ TMA<&±i6x T > K-"7°0 G a N J; *9 1'i: 5>ll 2 

(n#J^:^"-l' 1 5) 

igEl^Tx iy^>trx^±i6^ 1 0 5 0°C-eT> K-yC aNckOnC'Bn 
K«l 5^0. 1 fimCOmmx^Mi^it^o ZCDnmiytif^ FS 
Ji. vS^teS®^:^"'^ K)i.i: bTfPffl GaN. I n G a N^^^S ^-ti-^ 

(12 0 Orty'^TT. h CJ-A—1 j[zm©J^ll-Cfi)cS$-^'5>C ij&^M* L'C^o 

©Alo.2Gao.8NJ:<9 fc'h^ <-r'5o 
1 6 ) 

:g$-ti-'2.o Stiiil 6ll-ia^^8 0 OVlz^^LX. T> K-:7'I no. 2 
G ao.8N.fc0^i:'5#p)i^2 S^^^i^'X h^-J^commxm.M:^-^^o 
IXIZTM I ©^:>'Ht^^>fb$ii:^O^T'Ill— T> h'-zTl no.oi 

ha-ACD^fiS?#F1«it (MQW) CDygl^^^^S $-ti-^o S&Mii 
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(P#J^+ y-:/mi 7) 

'<Xi^. iaS^l 0 5 0°CC_blf. TMG. TMA. T>€--7. Cpz ' 
Mg (v/i^ D^vrJ":^J^— ;uvi5'';r.i^'t; A) p{|ij^:^f^ KM 1 8 - 

b/cpMA 1 0.3G ao.TNct O^^i-S pfiiJ^i' y^mi 9^3 0 OJi-^^^J^'x 
(P^:^'-^ FSl 8) 

^^l>TCp2Mg. TMA<^iLi6. 1 0 5 0*CT\ ^OK^+yT^^^ 
yl/^^-^&^pffliJ^^ y:/® 1 7^0 t>/h$l^. T> K-'T'G aNJ;^^^^? 
il'jTfe^V KM 1 8 ^ 0 . 1 x/m©mJ¥T55cS$ii:So COSJi. SttS© 
7^7^'^ KiiiiUTfPfflU. nM^t/^'-r K«l 5 <h|5lD< G aN. InGa 

(pfiij^^ y KMl 9) 

m^^X^ 10 5 OrTMg<& 1 X 1 0 '"'/cm' K--:^b^cpMA 1 0.2G 
t^TTMA(D«^»-^±i6> T>' K-rG aN<}:l9^j:SII4©®^4 O^^'^iJ'' 
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(pfflij=3>i5'^ h^2 0) 

1 0 5 0°CT\ pftiJi^'^ -y KMl 9 0±JC. Mg^2 X 1 0^" 
/cn,3 K-7°L/cpMG aN<i:!9nj:-5p<|iJ=i>^i? hjl2 0^15 0^>:r 
X h o-A©miT'g5cS^-li:So P#Jn>^:57 h®20 (ipM© I nxA 
lyGa,-x-vN (O^X. O^Y. X + Y^l) xmm.r ^ Z tt^X'^ ^ 
fiF^ U< liMg^ V--ri.fzG aNt-rmt^ P«S2 1 <t«t>$?* L(,^ 
y ^mm^ni^ti:^o tfzpMA 1 yG a ,-vN^^ti-jS*S^m^© 

^#i*^p«'J=':^^^ hWi UT. ^(Dmm=^ 5 0 0:t>^:^ h^-^l^l 
i^Tx M^^Hmip? 0 CCT'T— - y >^"^?ft^. p^^?iE2i33^ K-:z 

*^B^#t>*<3t{iaiMb7^c^i$a#i^^5. 3 0 6.6 6 2mzmm-^ti. 

^nmmcOT--') >irlCoc^Tt>^ffl4^fpm5. 3 0 6.6 6 2-%{C^^ 

^tifzyjm^mi^x'nv o 

R I E^ffiir J;*3ft±M©pffiij3>i5'^ ha2 Oi:. pffiiJ^-5 «y 1 9 



93 



wo 98/31055 PCT/JP98/00025 

/<.y ■7tSi lomm^Mtii-^'^^o mtH-^'±fzz(onm^<yy tMii 

'Cltnm^<yy r mi l=^=i>:$' ^ VmtLXl^^ibK GaNSSl 0 0 

KountLxn^ -^jx.{^n i ^ p Pd^ km/ 

Au> Pt/Au. P dyA\im=^m-f^:iti)^X^^o 
—yj^ Ti<hAl«fcO^«j:^nmM23 i'^tB $i±/c nffiij^< -y 37 r 

a NS:K1 0 0 ilif^ bl^:^- ^ -y ^ t> tl n «@ 2 SOU^t LX 
(lAKTi.W. Cu. Zn. Sn^ In ^©^M^ b < * 

EI3C^-rJ;^{::pm^2 1 nmm2 3 icDPa^C^tiib/cg 

2 5^/hbTp«@2 1 tmm^izi^miytzp^<y Fm^2 2. :Bi.v^n^<y 
vmm2 4^m^-r^o c©p/N'.y Km^2 2{^iiKfi*j^i:pms2 10^ 

®a^l2-«fT. pm^fflij^'7-r ■^'~5K>7^.f ^-f^hOx^ >:^'-e^ 
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^a{w*J^,^Ts K!{i«-^rL^S2. OkA/cm\ Biifiima4. OVT'x ^SiiS 
S4 0 5 nm®iaM^^*<5te^tL. 10 0 0 B#F^H±©^^<^^ L/Co 
[^*fe^J2 8] 

fSi. HIT {C*^l,^T. EI3S.D^ia4 «i:In|<i©t>0{Cliil|*icD:RF-^^#UT^ 

LTS i X 1 O'VcmS K-^ U;tG a N <J: 0 ^J: -S^^i^^ 1 5 0 //m 
■©MIS-^fi£:S$-li:/cG aNSmi 0 O^fflig-T^o C©G aNg^l 0 0 
©±{I||Jfe«^J2 7 <i:l5|:m{w UT. nfflip<.y 7 1 1 ^J55cS $ ■l^-'So 

nm^^-jl rm \ IfiKS^. 2&S^8 0 0°C{iUT. J[l)|?479'X{lTMG. 
TM I . T>^-T> ^^m^tfXlz-y'p S i ^5 x 1 0'« 
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/cm^ h'-zfLtz Ino.iGao.9N<tO^<j:S^-^ y ^m±mi 3^5 0 0:4" 

A 1 ^^'^t^mit^^mWm^l^^ ^ y i^*^A5©^E;&±-rSC<J:*^T'#^o 
fi:*j::Oi:^^>yrJ7B&±JiJil 0 O^Vi^':^ ho-A;a(±. 0. 5 um^T ^ 
©MffT'^:l$-^SC<i:*W^ Ut^o 1 0 hD-AJ:t) t>^l^ 

nfttJ^' ^ -y K/l 1 4 <i:. T > K-:/n {|iJ^:^;V YM 1 5 
(nffiij^i- •y^ji2 0) 

ii^l^TTMG. TMA. T>^^T. nmitiS-^Y 
M 1 5 «t 0 K4^i' S i ^5 x l 0» Vcm^ 

K-:/b/cnMA 1 0.3G a o.7N<i: f^^A^ niaO^i- -y^ji 20^300^ 

'^l^^K^J2 7 <hl5|^lCbT?gtt)l 1 6. pd'J^-^ -y^Sl 7. T > K. 

^±jl©P#J=i ^'iJ' iJ' hS2 0 «h. pm^3 -y K« 1 9 i^J^-yf^^^iJ^'b 
U -y v'^^fiJc^. pffi'J^i ^rJ'^ h«2 0©U -y >?a^®{CN i/KuX'O 

h-5-r:/t^jiff^^b. pm©2 n>-i^©«^®©^^k 
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{rA^fe©#j®{ri=B^-r^®) xmmL. ^(Dmmmizs i 0 2<tT i 02 
mLxu-ifm=^ft^o z.cou-^'mi-i:>mmizmWiizitsi^xmf^.mm 
mmm29:\ 

nmm27izi3i^x^ n#j/<.y :7rHi isJoSit. mmm2 8 tmmiz 

S i ^1 X 1 O'Vcm^ K-:7"L/cA 1 o . sG a o . vNS^— ji©<?^ck *9 

n ffiij >^ ^ «y KS 1 4 ^ 0 . 4 M rn 0Mi¥-efl3c« ^ iiro o is i^l^SS^ii 2 7 cJi 

im^m^ 0] 

/cn,3 K-:/U/cA 1 o sG ao.7NJi#-ji^O. 4 mOMmT'ag^-a- 
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nmm2 7cfcl^T> nm^'p y Kill 4^m^=^mittit-riz^ s i 

^1 X 1 O'Vcm^ K-yu/cA 1 0.2G ao sNiiO. 4 fimtir^o ttz. 

L^A 1 0.2G ao.aNMO. 4 fimfT 'fXi:> ^0 iz^ n fflij7t;y-< 1 
5^T> K-:/I no.oiG ao.99N13 0:^>i>'"'X ha-Ai. Si^l ' 

X 1 0' Vcm3 K-yu/cG aNiis o^>^'x h a-At^mmvfzmm 

mo. 1 2 fimOm^^mittL. P#J^;^'-r F«1 8^T> K-:/I n 
o.oiGao.99N«3 0:t>^'X ho-Ai. Mg.^lxl O'Vcm' K-T' 
b/cG a Nil 3 0^>:?'x h o- Ai^^ji b/ciSiti^JPO. 1 2 umcDB 

Lmmm3 2i 

a Njl^3 O^i-Vi/Xha-Ai, Si^lxl 0 ' Vcm^ h'-zfl^fzA 1 
o.osG ao.9sN®<^3 0:^>'^'X h a - A U/ciitM)? 1 . 2 //m 

iSi^^^b. li^ffi{i^Jtef«j2 TcDtOJiit^bT^^fiTb. #^lilO 
[^Jte^J3 3] 
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^»J2 7 <i:|5lb< . 2^>^(P. (0 0 0 1) C^^^mtT^^y r 
Tg^3 0O±{w5 0 0°C{rTs G aNJ:0^s:^y<'yy tM Cm^it-f^ 
^2 0 0^>^*7. h o-ACDMJS-CgJtg$1ir/c^. 1 0 5 O'Cti U 

T7> K-TT'G a NSS 1 5 mllIPT-a:S$-li-So f°ls ZOn^M:^-^ 

•7r-rT©te. S i C. ZnO. Xt'^^;W G a A s ^^^hJi^^#(^^^ 

©s i 0 2«}:onj:^t^^]^3 2^0. 1 u mcommx-mnSi-r ^ o lasiix 

mm<DmtLxii. ^ij^i^wt^^^ (s i oo . M^k^-r^ (s i x 
Ny) . ^^1:5^ > (T i Ox) . miti^ji^=i^'y-t^ (z r Ox) mcomt 

^jg6 0 0'*c~i 1 0 o^c CD w^mizhm^. -^o^mzmit^^mw*^^ 
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^mms 2j[^m'i^. ^ :^-^^^n^KJt^^^p^iz-^y hb. io50°c 

-t:\ T> K-'T'G aN J: O^ji-SG a NS^ 1 0 0 ii^I^G aN^^l 0 u 
mcommi^liSL&^'it^o ^S^ii-SG aN^Oif^ L/l^fi£SjiI¥(i. ^iz 

biw< l>&H^Wr'5«SJ!i3 2©*®±C, :g|:^fn]CGaNM^g^:l$ 
■^^^mX'G aNSKl 0 O^^S^-lir-S ct> ft*ZJIi<^S113 2©±{C(S 
G a NS*^^Sii-r\ .^SPOT^ K-^G a NS3 1 ©±{wG a N®*<S 
iRgJcS^tL^o.ii^t'^TG aNMOgJtS^l^tltai. G a Na*^SI:^InJfZfiJc 

G a N]i|5j±T'0/j:*^oT. «»I13 2©_h{lG a Nji*-<fi£g U/c*^0<J: 
of^^mtfl^o G a NM3 l±{Ci^^m3 2^^L/TG aN« 

iz^M-^nxi^^G aNMS i(Di?^mxmt^ umms 2o±izmM:^ti 

^m\tw=^m{i^\zmm\z0rico^^Bxmi)'^^^\^. :^o^^WBxmmw<x 
±.m\z^^-^ti^mim^mwiSLM:^^^ m.'^^xB.i^^o 

f'J3 3 Oct 9 «Slg3 2±(iM:^fD]{igJcS$n/cG aNS^l 0 0 li. 

t>©Tfe^/cfe. ^^^Bxmo:>mtWkmmmi)--^m.i^iRSL^\^fz^oizit^x 
j::^ ^^^^zi^^^tifz'^mm^mm.i.x. ^<o'^mm±\zm^\p\\z^^ 
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m±O^0lzLXG aNSKl 0 O^JBfiJtU/c^. ^G aNmU±lzn 
mm2 7 tnmizlyXS i x l O^Vcm^ K-yU/cGaNJ:0'^i:'Sn 

m2 8 tmmizi^X^ S 1^5x1 O^Vcm^ K-yu^ I no.iG ao.gN 

xKi-^A.^^ -J p^±mi 3^5 0 o^>r;^ Yu-L.omm.xwi^-^^t 

i!kiz. lOSO^CT-. TMG. T T;^7';^^ffltv T^/F-T^Ga 

TM A^ilZjQ LT > K— i o . i G a o . gN/s-^ 5 ^ > 'X:^ r a — Agx:^ 
$-yr. Jgll^T >:^'X<£:iiiraUS i ^1 x 1 O'^/cm^ K-:/b/cA 1 o 
iG ao.9NM^2 0;^->i>'X h u- AcDM»T'fi£S$iJ:^^. S i ^jh 
it>XT> V-ZfA 1 o iG ao.9N®^$^JC5:t>i^'7> ha-A©MJpT 
^^^■\thz tizj:^^ K4^> y^i;7Wb4^-£D:^$l^Ji:$ 3 0 m 

^mtmi(Dmm^mwmt^^-R\zm^^\^m^-tho t^. nmms 
3xit. m2(Dm^\:>^^mi^mtf^i(omit<&^mwmt^^^ri^'tii 2 
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zkiz.^ mmm2 7 tmmizLx. nm^^f-^ ksis. sttiiie. p 

TMA^ii»nUT> K-TT'A 1 o.iG a o . sNji^ 5 ;t ^i/X hP-Ag^g 
ii^l^TC PzMg^iitJDLMg^l X 1 O^Vcm^ h'-zfOfzA 1 o.i 
G a o.9NS^2 0^>^';^ h n-A®J^J5T'5JcS$ii-/c^. C p zMg^ 
ihi6TT^ K-^A 1 o.iG ao.eNii^^ JC 5 > i^';^ hn-A©MJS 
T^S^-lJrac cbtlJ:*). F4^+ -y ■7'iT>>'U4^-®:;^#l^J?^ 3 0// 

3 3-eii. ^4 0S>fl:2g3^«{$Sci:B3©a>fkiB?|^^i*«<i:*-<'€-n'E-'ni 
^ -y KM 1 9^B^-r^o 

^LXMmz. mmm2 i trnmizLx^m^' >^ ^ h^2 o^^s^ 

nm©2 3<&?BgJc-r-<^ n<|ip<.y :7 r»^®^^lil$-ii:. n«:^2 3^?B 
fiJcU. — :^p#J:3 V^J'^? hM2 OO'J -y i^ft^Slw^b plt@2 l^X 
T/it^lIJ^^i-^o ttli^Jte^iJ2 7<hi5l:m{CLT> U— !f^?^{^^b/c 
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mmms 4] 

S i ^1 X 1 C/cm^ K-:/L/cA 1 o . i G a o . sNS^ 2 0 :t > iTX h 

-it-tlz^ yy K-:/G aNjl^2 ^ir^ ^T.Vo-J^t^ Mg^lxio 
2o/cn,3 K-:^U/cA 1 o.iG a o.9NS^2 0^>^'X hn-Ai^^^L. 

/c*^. ^^Ii(3:(a'l5l b 2 0 0 0 i^PB^;i-l±<&^ b/Co 
[||»|J3 5] 

^m^?iJ3 3{w^bH^T. nfflij^^ F«l 4*sJtS$-t±5^. Si^lx 
1 O^Vcm^ K-:/b/cG a N)i<&2 5^>i>'Xhu-A<i:> T> F-^A 
] o.iG ao.9N«^2 5^>i^':^ h n- A ch^^gSCa® U ii^-MJ^O. 

Mg^l X 1 O'Vcm^ K-:/b/;G aNa<^2 5:t>:5''7.hD-A<i:, T 
F-^A 1 o.iG a o.flNM^2 5;t>^'X h o- A<i:^32S{::a« b> 
^MJ¥0. 6 /imOjS^?^iii-rSfik(i|IWJ3 3 ^IHtiJi bT U— tf 
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mmms ei 

1 O'Vcm^ K-:/b/cG aNM^2 5:t>::7'x hn-Ai. S i 1 x 1 

1 9^]^^^-^^^^^ Mg^l X 1 O'^Vcm^ K-:/bfcG aNS^2 5 
^^i^'Xho-Ai. Mg^lxl O'VciflS K-^L^cA 1 o.iG ao.sN 

mmm 3 71 

X 1 O'Vcm^ V-ZfLfzA 1 o. j G a o-sNji^^ 0. 6 /z m®mJ5T'fi£:g $ 
i±^o — vm^^y KSl 9^fi5cS$-yr'S^{*. Mg^l x l O 2''/' 
cm2 h'-zTLfiG a N«^2 5:t>^'7. h o-A«i:. 1x1 0 '"/cm' F- 
:/b/cA 1 0.1 G a o.9Nji^2 5:t>^'X h a - A i^i^Stw^® ii^ 

mi^o. 6 um(Dmii^'i'mMt-r^mi.mmm3 3 ^ihi^hutu— tf^ 
^^{^isib^<hc;5>. ^M^J3 3izitmvxmmiim=F±^i^t:Tb^mi:^< 

1 0 0 0B#F^2i±©^^^^b^^o 
[^JIS^J3 8] 

ISi^—) iU. nmU<'yy tMI l=^^&^-it^mz. Si^lxlO*' 
/cmS K-^U/cA 1 o.osG ao.ssNlS 0 ^ b o - A T > K- 
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>i?'X hn-A<t> S i ^ 1 X 1 0* Vcm^ Y--f\^izh 1 oiG a 0.9N® 

<i«:©n«/y'l' Fill 5 i ^1 X 1 O'Vcm^ K-^U/cG a NJl 2 5 
h u-Ach. T> Y-'fh 1 0 .05G a o.95Nffl2 S^^^iJ^'X hn 

— pfiij^fe:^"'^ K«t. M g^l X 1 O'Vcm^ K-^L/cG aNji2 
5;ryi?*X hD-A<h. T> K-:/A 1 0.05G ao.95NM2 5:r>^'X h 

pffiij^^ -y KSl Q^T^- F-:/G aNji2 0:t^i5''X f^o-Ai, Mg 
^1 X 1 O'Vcm^ K--:/L7tA 1 o-iG ao.9NB^2 0:^->^'X ha-A 

fi|{*{£Tb. ^^1*3 0 0 0 B#F^ii-Ui^^ L/Co 
[^»4 0] 

IIJ£fiJ4 Oli. ^»J3 3 ilSia. G aNS^Kl 0 0 <&ffll^T:^g£ L/c 

^■r\ -ecDG a NS^l 0 0©±{CS i ^1 x 1 O'Vcm^lili K-:?' 
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i ^ K-T'L/cA 1 xG a,-xN (0<X^0. 4) *^ ^^i: ^iStS^M i L 
^fflM^x TMG. TMI. 7>^--Tx i^^V/^/'XT^ S i 5 x 1 0 

i?^ L< It I nG aN-CfiXS^-ti-^CliCJ;*?. 

^s^-ti-aA 1 ^^t^mit^^mi^m^iz ^ ^ .y i>*-«As®^E^r±-9-'5ci 

<!i*<T-^'i>o tl^Z(Di7'p 'y^m±miil 0 O^V:?''^^ 0. 
5 fim]^Tc^mm-C^S:-^-^?>:iti)<^i^ Ul^o 1 0 0:t>^x ho-A 

i^l^T> 1 05 0°C-eTMAs TMG^ t^^— T> >';^r;^^ffll^x 
Si^lxlO'Vcm^ K-T'Li^cnMA 1 0.2G a 0 . sN f9 t^: 4 
0 5i->i5''::^ hn-A<h^ T> F-^OG aNji<£:4 0^>i^'X ho- A® 

ijgH<^T. T> K-'T'A 1 o osG ao.ssN J; O^i^ n«;^'-r K^^O. 

0;i^G aNi:A 1 G a N*^ t>n»:^e*S?M i^'S d i t>-e$ 

<^i;ii> T> K-:/ I no.oiG ao.««N<fc 0 7'j:'5>y£14Ji^4 0 0^>i>''^ 
h a - A CDHI^T'EJcS $ -li: S o 
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i^l^TMg^l X 1 O'Vcm^ K-^b/cpMA 1 0.2G ao.8N®^4 
SJcaS^^gb/clgiMffO. 8 /^mCDjSt&^®mii«i<97^i:^pMi^^ -y K 

a N J; iJ/jr-S pfflij3 >^ hJl^l 5 0^>i^'X h n - A^MIST'fig 
S$-^i>o ^tCP-ifm^Oit^. A 1 G aN^^t.-iS^^^^itOpfiiJi^' 
5-y K]i{cSLT> ^0 K^^"yy^:rw^¥-©/^$t^M>^L^^^#<*^P 

Tl^'S/c^l6^c. ^K6^{ip{Bij=3>^i? hso+i- y T2iS*^® < ^.fO pm 
©ifiF^ ^ >y ^*-«'f#'inT. ^^O^iiW^jfu. MBt^^T-t^m 
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